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: fluqnnated analogue-of amphetamme (AM).. Lo,

L % ABSTRACT . .. . . .

-

_ The compounds studted were the ena(ttomers of a- fluoromethyl B- phenethylamine (FAM) a -
Tl J

~S.

iy

Mlee treated wrt) R- (+) or §- (: ) FAM~exhrb1ted prolonged dose dependent ‘

‘ decreases m both locomotor actrvrty and rectal temperatures Only ,rmee treated wrth a hrgh
dose of R-(+)- FAM showed a brphasrc locomotor respoﬁse consrstmg of a transieftt increase -

in locomotor acuvrty 30 mm af ter treatment followed by a prolonged perrod of decreased

locomotor activity R- ( )- AM had:little effect on murine ;ectal temperature but mduced a

'ﬂ

‘ transrent decrease in l’ocomotor activity, S- (pl-) AM induced mcreased rectal temperatures in

mice Tollowed by a slight, transrent decrease S (+$AM also mduced mcreased locomotdr.

actrvrty f ollowed by decreased locomotoqgtctrvrty Netther the temperature nor the locomotor

“

i . decrfases mduced by AM was dose dependent The periods of decreased locomotor acttvrty

.mcluced by FAM were accompamed by lrght sedatron This Was in comrast to AM 'with which

decreased locomotay actrvrty was accompamed by stereotyprc behawors rather than hght

. k
i

,sedatron ‘ .' ' A

In Tats, both R (+) FAM and S- (+) -AM mcreased rectal .temperatures However,

—y PP

the temperature eff ect of R (+)- FAMﬂ(:ould be prevented by pretreatment wrth phenobarbital

“

~ while that of S- (+) AM was unaffected by pretreatment B4

In rats, brain levels of R (+) FAM and S-(+)- AM weresrmrlar after equrmolar '

| “pdoses and declined in-a log lmear manner. In mice, S- (+) or R-(-)- -AM levels were higher

) than those df R-(+)- or S- ( )- FAM ln addrtron ‘AM levels exhrbtted a log- hnear decline

of S- (+) AMwasunaffeeted ' . %
. - . ' y

w A3

whrle FAM levels exhibited a more raprd btphasrc declrne Further FAM levels were

: dependent upon Lheenantromer and the sex and strarn of the mrce a e

+

Urinary excretlon of unchanged R- (+) or S~(- )-FAM (24 1) ih mice was lower than

J,‘~ ‘

that of S- (+) orR- (-)-AM, Thrs was also true m rats,.although rats excreted more

'unchanged FAM than drd mice. When rats were pre‘trea&‘l\wtth phenobarbrtal the unnary |
" excretion of unchanged—R (+) and. s- (-)-FAM and R-(- ) AM decreased: whﬂe the excretron '

AN 3

N
3

. Q

“ -

v E

/.



N . ] ‘ ' ) . ‘_ Al . ¢ 2. . N . ~ ' K ! ‘
R ( appears that t‘ﬁe enantiomers of FAM are more rapidly metabolized by mice than v
those of AM-and that rats metabolize R- (+) -FAM by a route diffu‘*l‘ronrtha{ of

>
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- prototype f or developmcnt og‘ a series of organo-fluorine pesticides and war gases.

" discavery by Peters and Martius

N

I Infroduction , -~

9;

/—-

The first researcheFJto synthesrze an organo fluorme compound was Swarts who in 1896

synthesrzed fluoroacetic acid. 8 Interest in organic f luorme che ’stry and fluoroacettc acid in
particular, increased durmg World War II when fluoroacetrc acid was identified as the toxic

prmt:rple of a Suth African plant mvolved in cattle deaths This compound served asa
64, 68 It has

.since been demonstrated that f luoroacetic acid is the active toxic principle of at leagt 36

64 . T T

\

Another step f orward in the understanding of organo-fluorine compounds was the

64 that the toxicity of fluoroacetic acid was due fo inhibition of .

&

the citric acid cycle " They observed that fluoroacetic acid ‘wﬁs converted in vivo to fluorocitrate

whrch rrreversrbly biocked the eftzyme acomtase thus preventing the conversron of cxtrate to

aconitate and lockmg the crtrrc ac{d\cycle at that step (Figure I- 1). Thrs in vivo productron of s,

toxic metabolite was termed "lethal synthesrs by Peters™.
Other organo- -f luorme compounds have since been synt'hesrzed and interest in this field

has been suffi rcrent to result in several symposra dedrcated to the discussion of therr unusual-

propertres Collectrons of documents .arising from three of these symposra were pubhshed m

20 21 23

1971 1976 : ahd 1982 . Itis mterestmg to note the change in emphasis from the toxrcrty of

organo- fluorme compounds in 1971 to their brochemrstry in 1976 and their bromedrcal

s

| applications in 1982 " These compounds are now wrdely used An medlcme (Table I-1)as CNS

twrdespread use of ~fluormatrqn as a medns of altermg brologrcal properties. Schlosser

_agents, general anaesthetrc agents antrarthrmcs antrtumour and antrvrral agents Of major

current interest is the high solubrlrty of oxygeén in perfluorochemrcal emulsrons and their :

appltcatron as a“rtrf icial blood .57 81

-

K S ,‘ .

A Physrco-chemrcal Aspects of the Carbon-Fluorme Bond ' I o
&S
The drversrty of bromedtcal apphcatrons of organo- -fluorine compounds leads one to

wonder what charactensttcs of fluorme and the carbon ﬂuomne bond have resulted in the

69 has
€ . /l-,
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AcgtleCOAc' , _. COAfSH

[

Isocitric Acid
N2H

Oxalosuccinic Acid

1 Co, 2H - ¢ CoA-8H .,  ,

RN SRR T
:'*‘ ’ et LTS - "..(.0;
. L . . ) . ,‘ ; .“. ,o‘.o V'!“, ’;:,., e,
Fluoroacetic Acid: F-CHy=COOH “-.-+, - * °%s
’ ) L4 . . ) " .-1

" Fluoroacetyl-CoA - "COA-SH m ‘

Oxaldacetic Aéld ey Fluorocitric Acid

~ Figure.

23 H

s .
{ ‘

: lrr-owipn’lbl\y ﬂouhd _ ‘ Yy
Enzyme-Substrate Complex =
(no loss of Hy0)

Citric acid cycle blockade by fluoroacetic acid (after . Schlosser69). )
“ ) N N ] : . ‘S,
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~ " Table 4-1:  Current medical”
R ) combounds;z?'z?
‘ RS- N . . . ' , / '

S 5\
Application’

applications aof fluorinated

[

\

'

. DN . ~

/ &

'Examples

x

organic,

i

CNS-active agents

¥ ~ .

z,
’ .. Anti-tumours and anti-viral agents '
Coe ) 5 . R
" 1
i
n‘ - 3 .-
-
. Steroids
Non-Steroigal Antiin{ lammatgir)' Drugs -
» . . V'
.. h gt M
3 Non-acidic NSAIDs ;
- g
Anaesthetics /
-
- . J
4
\ 7

Antibiotic and Antifungal Agents
.07

P

X%

K
Diuretics and Aqtihypert‘;nsivc Agents

.

. Haloperidol . *
A Flufeqézine | .
= Fenfluramine
5-Fluorouracil .

Ftorafur

* 2'-Fluoro-2'- déb'xj -arabinosyl—

.

5-methyl-uracil -

“Trifluridine - '

Q;sFlubrocortLi&sol !
Dexanive,thasolne
Flufenisal
Diflufenisal *
S'Llli\nda‘c -
Flurbiprofen
quuloﬂé .
F]octafen;ne i
Halothane -
‘Méthoxyf lurane ¢
. ’Enfl‘urahe
Isoflurane
F.‘loxacilh’n
‘ SLFluorocytgsine
- 3-FluorokD-alanine
. Be?droflumethiazide
. Polythiatzide

Triflocin

»

¥
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remarked "what is special about fluorine [is) nothmg else than lts posltion ipthe periodic table”
suggestmg that the small atOmrc radrus of fluorine along with lts strong electron- withdrawlng
property play important rolés.in its eff ect upon brologrcal propertrcs o ‘.

Fluorine is the mqst electronegative (electron- attractmg) element in th\penodrc

¢ T TS R L o L T DT e B B Tl SN o PR S S
N 8 . .
. - - : v

O

table 10 Thrs property causes the the electrons to be held ’lose to the fluorine’ nucleus resulting

in an atom not much larger than hydsogen. (the smallest atom in the perlodlc table)('l‘able 1-2).
This electron wrthdrawmg property also af f ects bondmg electrons pullmg them toward the -

fluorlne and resulting in'C-F bonds which are similar to C H bonds ln strength The allphatlc

62,70

C-F bond tends to be resrstant 10 most drsplacement reactrons In an SN1 reactron the rate

- lrmrtmg steh would be the clea'vage of the C F bond to form a catron which would then be ] v
attacked by a nucleophrle However the high engrgy of the C-F bond makes thrs cleavagc
unlllcely. It would seet reasonable to suppoSc that a carbon attached to'fluorine would be

o partlfcularly susc’eptible to an SN2 attack as the carbon .would have a‘slighfly positivc charge and

theref ore be open to nucleophrlrc attack 0 - However, the transition state of an SN2 reaction

would ret;urre the C-F bond to strctch" as the nucleophrle approached the carlgon“ms

Vi

: 4 ’:’*g
*fluorine is not easily polarrzable this stretchmg would not occur and the fluorine would

: remain relatwely close to the carbon. This short C- F bond would permrt the slightly negatlvc

fluorme to repel the approachmg nucleophrle thus preventmg itf Tom toming close enough to

62,70

the carbon to complete the transition arrangement However fluorine drsplacement byan .

4

.

did

SN2 mechanism can be facrlrtated in an aqueous system by the presence of acid. An example is -

the hydroly&sbf benzyl fluoride Whlch is- catalyzed by acid. Thrs appears to be due to the
-formation of a hydrOgen bond between the fluorine and the hydromum fon durmg the .

transitio'n state.” 'I'he strength of the hydrogen bond with the'fluorine permits the C-F bond

s o "stretch” and allows the ‘gucleoplﬁle lin this case water) to approach the carbon without

being repelled by the fluorine. 62
)
' “Usually a smgle ﬂu&me in an aromatrc rmg is also resrstant to dlsplacement but

electron-withdrawing groups (e:g. N02) orth@or para 10 the fluorme will acuvate the

_fluonne, per_rnrttmg nucleophrlrc drsplacement.62 63 o R - N

, l"K
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Table }-2: ° Physico-chemical ‘properties of- fluorine and the carbon-fluorine
. N :
" bond .(adapted from. Hugheey45)
.
X - van der Waal . C-X Bondx‘ C-X Bond, . Electronegativity *
Radius, (nm). + Length (nm) Strerigth"'(k]/mol) :
H O, 12145 109 . an . 220
OH 15 43y 3% 3.5
_ (. Lt . . ‘

F , 1.5-1.6 M5 : 485 : ‘4.1
e 1719 17 ¢ .3 283

: ) j N ’ . ‘ » T . »
Br 1.8-2:0” T 184 \ o285 S 24
: ¢ ’ . . :
R LS At R X a3 7
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The small size of the fluorine atom allows it to substitute for hydrogen in a molecule

.

~with httle or no stram or dlstomon This makes it possible f or a nuonnated compound to

{

- mimic its hydrogen analoguc:1 teven those receptor Sites with rigid steric requirements

However, the electronegativnt y of ﬂuorme may alter the electromc structure of a molecule to

such an extem that the moleq‘ € may no longer be accepted or active at receptors with rigid
" electronic’ reqmrements i

acids or bases is a ch‘apge XF 2N (Table I- 3) This altez;lhc propomon of ncutral and charged ¢

_ Fluormc substitutipn also increases the likelihood of

,gonslo ,23,69, 75 ‘ / |
¢ ¥ wo . W'

Hptliputed to fluorine substitution is increased ‘
‘ ‘ 25,41

15,22,53

hpophlhcny

. The references generally quoted to support this claim deal mostly

?

with.the effect of substitution of fluorine and the trifluoromethyl moiety (-CF3) into aromatic
L 4

rings. CF 3 does appear to enhance the lipophilicity of these molecules as do the few cxarhples
- v

of simplé fluorine substitution into aromatic rings. However, littl¢ work appears to have been

dane on the lipophili_f: effects of aliphatic f luorino substitution. It is probably: more accurate 10

state that while fluorine substitution tsually results_ in increased lipophilicity, it is not

42

axiomatic24. For example, 1-fluoropentane is ten timqszless lipid-solublo' than is pentane. If

‘fluorination does: _rosult in an analogue which is more lipid-soluble than the parent compound,

_ tﬁié increase io lioophilicit); would result in increased rates of absorption and diff usion through

" cellular memoranes’ in vi;o. An increased lipid solubility cou|d ‘also increase the volume of -
distribution of the fluoro analogue compared to the parent compound by_eoabliog a 1arger ‘

proﬁortion of the fluoro analogue to be absorbed fnto fatty tissues away from the systemic ’

circulation.©
- -
It was ongmally thought.that the high bond energy of the C-F bond would result in
metabolic stabthty 68,75 In partial ref utation of this hypothesis it was discovered that £y s -

f luoroacetate methoxyfl rane and 4- fluoroacetamhde could be defluormatod by enzymeﬂlc

‘n

means both in vivo and in vttro.75 In {; t when fluonne is attached to a. metabohcally active -

57,69

site it can be a good leavmg group , as illustrated by the increased rate of dehalogenation

J



- Table-F3:  Effect
/ \ ‘
)
Acid pKa
CAcetic acd - . - 47  Ethylamine . o8
Trifluotoacetic acid Q.23 BBB-Triquoroethylamine * ’ 5.7t
¥ . - ) o
Benzoic acid 42 Anmiline . 4.6
- . ‘ , .
«©-Fluorobenzoic acid ; 2.9  2-Fluoroaniline 3 3.2
L A ' : ; 3-F1uoroani-liﬂ_e CT 35
o N AU |
‘ 4
;. g 84 . 45 . ¢
Values  from CRC Handbook™ except % .from Hughee)i. " S



of ﬂuoropcetate es compared to chloroecetate by haloacetale halldohydrolase (obtained l‘rom a
‘ psuedomonad) When in an area adjgcent 1o an active site, the electron withdrawlng eff eg,l
of l’luorme can also alter metabolic reacuons (see discussion of amphetamlne vs &‘!
N B.B- dnl’luoroamphetamme) Thus the location of the fluorine atom in the moleculé of mterest :
‘ lS also xmportant m‘determmmg the différences in biology and bnochemrstry observed between a

~

compound and its f ludrmated analogue
B. Adrenocorticolds’y T *
Dependmg upon the locauon of fluorine in a drug molecule, a fluorinated drug may
' ¥
haveenhanced mtenuated or equlvalem pharmacologlcal properties compared to the l’fydrogen
a‘nalogue An early example of thls manipulation of pharmacologlcal properties is the

fluorination of steroids. Proper positioning of the f luorine in a sterord can alter the balance

4 .

betwcen glucoc‘brucmd anumflammatory and mineralocorticoid activities. Thal is, it becomes
possnble to separate the multiple pharmacologlcal properties of steroids by selecuve
. f luormauoﬁ. T'lns is illustrated by a number of studies reviewed by Wettstem85
| Pharmacological evalualions of cortisol analogues' (Fig. 1-2) have enabled researche'rs
" > :

tp establish some structure'-activity relationships of fluorine substitution. The glycogenic,

anti-inflammatory and sodium retention activjties of cortisol are all increased by v

- _9a-fluorination which increases the acidity of the llﬂ-jhydroxyl gr‘oup. ‘In cortisol, the
118- hydroxyl group is sterically hindered, but the increased acrdlty could increase the hydrogen
bondmg between the hydroxyl and a nutleophilic grou in the receptor site, pemuttmg a
"firmer" bond between the cortisol analogue and the receptor. 85 In addmon it may be that
fluorine 1tself fortns hydrogen bonds with electrophnhc groups (e g. amino or hydroxyl groups)

_in the active site, and this would also inerease the interaction between the receptor site and the_

ligand. 85 12a- Fluormatlon would also be expected to mcrease the acidity of the 118- hydroxyl
group and thereby increase the blologlcal activity of cortisol. Thns is not the case as the
12oz-fluonne forms a hydrogen bond with the 17a-h¥droxyl group, -resultmg in decreased

. glu’cocorticoifl activity compared to the 9a-flupro analogue while maintaining an equivalent



Figure 1-2:

Structure of cortisol.
. .
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sodium retemiog activity, If hydrogép. bonding is prevented, then the 12a-nuor$ analogue of

+ cortisol has activity similar Yo that of the 9a-fluorinated analogue 8 v

6«-Flporinaiion increases the glycogenic and anti-inflammatory activities relative lo'

Lortiso! but decreases the rpineraloconicoid activity. This alteration in activity is not easily
explaincd by the propertics of the molecule. Fluorination at the 6 carboﬁ in the cortisol
structure destabilizes the 4- 5 double boﬂd thereby increasing the susccpubihty 1o clectrophilic’
rt:ac.tnons.85 This results in mcreased metabqhsm of the 6a- and 68-1 luorocorusols by liver
enzymes. The increased metabolism may account for the Jow biological altivity of the 68-
analogue but does not e;plain the increased activities observed with the 6a'- analogue, In this
case, it may not be the alterauon of electromc properties of the corllsol molecule which is
responsible for the acuvny of 6a-f luorocortnsol This possnblhty is supported by the
observauon that 6a- methylauon results in biological actwmes similar to those of the 6a-fluoro
analogue even though the methyl group is an electron- donalmg subsmuenl and would not alter

thc electronic properties of cortisol in the same manner as would { luorme 85

-

Attempts 10 retain the high anti-inflammatory activity of the 9a-fluoro analogue of

cortisol, while reducing the sodium retention side effect led to the use of multiple -

fluorinations .85

6a-Fluorination is not enough to overcome the sodium retention induced by
9¢-fluorination, but the 6a,9a,16a-trifluorinated analogue of cortisol has decreased
mineralocorticoid»properties relative to cortisol, with anti-inflammatory activity higher than

that observed after 9a-fluorination a‘lone.85

C. ng-fluormated Biogenic Amines

ng fluorination of biogenic amines (Fxg I-3) has been exammed by Knrk

8,50-52,61 .

Cantacuzene etal”’ in order to es?bhsh how changes.in lhe pKa of the phenol

* substiiuents might alter ti biochemical an pharmacological properties of thesdcompounds.

-

¢ C - o < o ,
They observed that the introduction of fluorine into the aromatic ring decreases the pKa of

" noradrenaline (NA),\dopamine (DA)’,"tyra'mine (TYR) and serotonin ¢5-HT) (Tablc 1-4).
< .

The authors attributed\this decrease to an increase in the acidity of the phenol groups rather

Y S
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- Table I4: -~ Effect of ring-fTuorination. .'s_“ the sKa of biogenic amines (after
N ’ ! i ‘~- o ‘ g P ' ’ ’ . . o . Lo .
’ . "~ Kirk ' et ‘aI.SO). ' ‘ , .
;,:t.;\‘ “,‘ g ) o ) . . - . . -
s
: S . . E . . o ot .
©.7 Amine - oo ~°_ 'pKa . Amine - - . pKa

Tyt i - " . —

‘3.'»‘* w : Y T ‘ -
Sérbtonin 4 o , 10.7 ‘ Noradrénaline : . - ‘ 8.'9 (
4,6:Diﬁu@_r0sef0tonin_ S 8D 2_-Fluo:ono@ﬁne ' _‘Q 7.7

Tyrarriine o i _ - "985 S-Fluqdnbrad.renaline‘ - 18

“»

”3:Flu.or(‘)ty‘ramine T ‘ 8.>4" ) 6-Flufronoradr’$nglin‘; | 85
3,5.-Dif1uorofyrégnine o 7.6 ‘ .,Doplam‘ine-_ ' | L .,8.9
- " .2=Flﬁo£qdopamine.;‘ T Y
P o 'SaFluorod(‘).par}line i 8.0

’6-Fluorodopamine = : 8.5

r-J
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6-f luoro NA exhibit mcreased preference for 3- O methylatlon compared ENA The

drsplace ligands from beta -Teceptors. Thrs suggests that 6- fluormatron alters the receptor

. . . . . P 2 Z '
\ . R AN
A .t . '
, .

-

.

than a decreasc in the basrcrty of the amme groups In‘ addition, they felt that ring-fluorinationv

would mcrease the degree of phenol romzatron at physiological pH Brochemrcally, nng

f luormatron alters the methsm of brogemc amines by MAOQO ahd COMT So, whereas 5- HT :

isa relatrvely poor substra or MAO-B (Km 1000 uM) 4 6- drfluoro 5 HT is a very good

s;ubstrate (Km =50 ahli). Srmrlarly, rrng-ﬁ[uormatron of TYR also mcreases, meta&ohsm by
MAO-B: TYR (Km = 170 M), 3-flubto TYR (Km = 18 xM) and 3,5-difluoro TYR (Kni'=

/A.

Studres wrth COMT showed that ring f’ luorrnatron alters the ratio of para- vs

5
‘

meta -0- methylatron of NA. Whrle NA exhibrts a 9 1 pref erence f or 3-O methylatron

' Fluorination at the S.position in the matrc Ting mcreases 4-0 methylatron such that S-ﬂuor‘o i
. 3o

NA does not exhrblt any signifi 1cant pref erence for 3-0 methylation. Conversely, 2- and

Ry

\
mvesugators mterpreted these observatrons to 1ndrcate that O- methyl;t;jv/of NA-by COMT

proceeds via the phenolate amon the proportion of whrch is increased™y fluorine substituents .

ortho or para 10 the hydroxyl group undergomg methylatron

Ef H ects of ring- ﬂuormauon on receptor affinity of DA and NA have also been :

'exarnineds These studles ‘demonstrate that 6- fluoronoradrenahne (6 -FNA) retarns the abrlrty

&,

- of glA to displace radrolabeled hgands from alpha receptors but has a decreased abrlxty to ,

af f: mity ot” NA to that of pure alpha specrf icity. 2- Fluormatron has the oppoSrte eff ect,.le. ’_‘.'"
alpha af fi mrty is. lost but beta affmrty 1s retamed On the other hand, 5- fluoronoradrenalme/ ‘*‘i‘f
(5- FNA) affinity is srmrlar {o that of NA. I contrast to these effects on NA the receptor

af f mmes of DA were not modrfred by rmg fluonnatron In vivo and in vztro studres of the :

ad
P

- agomst propertres of the ring- fluorrnated analogt(es of NA showed alteraugns srmrlar to those ¥
E observed in the reeeptor af fi 1mty studies. That is, 5-FINA is equlpotent to NA as an a- and

QB agomst whrle 2- fluoronoradrenalme (2 FNA) is a pure B agomst and 6 FNA is a pure



A

¢ ® i ) 1]
v ‘Itis rnterestmg to compare the agomst studres to the COMT studies. In the CGMT
‘studies 2-FNA and 6- FNA are botn similar to N A yet in thc affi rntty and agomst studies these
J
wo analogues vary markedly from NA and each other Cantacuzene el al 8 felt that this -

mdrcated that alteratrons in the phenolic character of NA is not the ma Jor cause of the agomst
and affi rmty alterations yte phenolic’ groups of both analogues would be perturbed to-the

sarrle extem as supported by the COMT studies. The authors’ suggested that the agomst

o specifi rcrty could be due to conf' rgt‘t‘ratronal changes in the ‘goleeulcs brought about by hydrogen _

‘ naturally occurrmg substrates

_bondmg between the fluorme and the hydrogen of the altphatrc hydroxyl group (Fig. 1-4)..

e’ .
Such an mteractron could result in the preference of .one rotamer oyer the other l*‘urther the

‘ preferred rotamer f or 2-FNA (responsible for a-agomst activity) would be diff erent from that

pref erred by 6- FNA (responsrble for 8- agomst actrvrty)(th 1-4).

Studies wrth rsoproterenol (IP) (a specifi ic B- adrenergrc agomst) and phenylephrme

e

_ (PE) (a specific or-adrenergu: agomst) suppor?thrs hypothesis: T  B- agomst activity of IP i is

marntamed\wrth 2 fluorrnatron but Jost “with 6- fluorrnauon the reverse rs tfue f or PE where
y

2-f luormatron abolrshed the a- agomst activity while 6-fluorination ;etarned thea agomst
<
activity of the ‘parent compound In both cases the active. fluoro analogue would have a

) - .
preferrcd rotamer equivalent, to the srmrlarly active fluormated NA (Fig. 1-4). %re effect of

r

’ ring- fluormatron is to mamtarn or lose the aglivity at one receptor rath; than«,ﬂlcrease activity

at the alternate receptor. This effect Has been termed "the negatrve fluorine eff ect"8

.

. An interesting parallel theref ore appe‘,rs to exrst between NA and steroids. In both ‘

' cases fluorrnatron caanerve to separate multiple pharmacologrcal or brochemrcal propcrtles

| through effects upon the reeeptor ligand mteractron by. altering erther an electromc effect

<.

' ‘Swrmds) or a conformational preference (NA) .

v

i A}

. ) ‘W
D "Suicide Substrates v _

Certam fluormated analogues of enzyme substrates such as fluorocrtrate and FdUMP
o8

°

have been shown to be active antrmetabolrtes that is they ‘rnterf ere with the metabolism of

r'd
40 >4 These fluoro analogues were usually desrgned for use as



6-FPE . © . 6-FIP
o «-A‘gohist o L P-Agonis_t :
Specific - . - T Specific
Y ’ ) »
‘Figure I4:  Preferred fgt_a@ers of @ring-f}uorinated biogenic amines (after- Kirk
. " . s . } .v ‘ ) ‘ .‘ \ .
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these studies have produced drugs currently in use

' mamtarmng the geometry, a process termed rsogeometrrc modrl‘ ication”

f the elrmmatron of fluoride,, The resultrng imine is open to nucleophrhc attack by an enzyme

o

S . m ST 16
. ) . @t . . .
pharmacologic and metabolic probes rather than for use as medicinal agents although s'ome ol’ .

5e%0-54. 1n 1970, Kollonitsch™>? used

fluorination to "ration{ally) desrgn a wide spectrum antiblotie. 3-fluoro-D-alanme. This

'COmpound turned out to be an irreversible inhibitorf of bacterial alanine racemase, a

pyrrdoxal dependent enzyme necessary for the production of bacterial cell walls This work

4

lead to the development of a general approach to the productron of antrmetabolrtes which i is to

'maxrmally alter the chemrcal (i.e. electromc) character of the natural substrate or product while

54 Thrs would result

F

in an antrmetabolrte that is stencally acceptable” to the target enzyme but different enough

34

chemically to interfere with the enzymic process Thts approach i§ almost tarlor made for .

fluorine substitution and resulted in thefsynthesrs of a number of f luorrnatedranalogues of

£

enzyme substrates (e.g.-amino acids) and enzyme products (e.g. amines) which irreversibly

inhibit specrf ic pyridoxine- dependent enzymes (Table 1-5).

The proposed method of enzyme mhrbmon (Frgure 1 -5) mvolves the formation of a
Schif f base between the pyrrdoxal phosphate cofactor and%he fluorinated analogue at the target

enzyme’s actrve srte This is followed by the loss of CO (1f the inhibitor is an amino acid) and

- residue such as the terminal ammo group of lysrne present m the active site of the enzyme

This irreversible binding of the substrate/mhrbrtor to the catalytic site of the enzyme results in

54-57 " 71-74

irreversible deactivation. Work by Srlverman eta al. on S-4-amino-5-fluoro-

pentanoic acid shows a change in absorption spectra durmg the mhrbrtron process, mdrcatmé '
the cofactor is convertéd to the pyndoxamlhe phosphate form Thus, rnactrvatron only occurs
when the' enzyme actually acts.upon thg substrate thereby destroymg the substrate and -
lnactrvatmg itself. 3Compounds cgpable of mhrbrt‘mg' enzymes in thrs manner have been termed
"suicide substrates"!. In the. general structures shown in Table I-5, it is the R group which is

54‘ For example, S-a-fluoromethyl-DOBA isa |

responsible for the selectivity of the inh‘:ibitor

potent mhrbrtor of aromatrc amino acrd decarboxylase but has no effect on ma®malian
XS

hrstrdme decarboxylase while the reverse is true of $-a- fluoromethyl hrstrdme In addrtron

1

a .
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Table I5:"

~

Some examplcs of "suicide substraiés" containing the

. < as ﬂuoromethyl group (atter Kollon'tsch el .115 7)
L S “ . . : 3
_Compound o -Inhibited Enzyme . PR
I - X
@ S ‘ : o . °

Substrate Analogues° S - ' | ' ‘
- Fluofomethylglutamlc acnd ’ | Glutaméte“f“\Decarbo'xylas.e
m-Fluoxomethylormthme s | ‘Om.ithincA Decarboxylés¢ R

. 'q-Fluoromc;hleOPA : o A;romalic_ Amino Acid Dcéarbo):ylase :
a-Fluofdfnethyltyrosine L. . - Aronlatic Amin(;’ Acid Deéarboxylase
a- Fluoromethylhlsudme . T » l\:lammalign Histidine Decarboxylaé?

'. Product Analogues ] Lo
'a-Fluoromelhyldopamin& ® Arométic_j.Amino Acid ISecarbéxylase
a-Flupr'dméth)‘/lhistamin.c . | ' : Mamrgaiién Histidine’ .Decarboxylase
3-Fluoro-D-alanine - - : Ba_cterial\ Alanine Racemase
a-Fluoromethylamino acid ‘ ca-Flgpromethylamine R

CHyF = . - CHyF
R-¢-COOH- " R-CH
NH2 D N NH
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'S -‘a-l‘luotomethyl-histidine has no effect on ba‘cterial histidine decarboxylase as this enzyme

does not employ ’pyrldoxal phoéphate as a cofactor. These irreversible inhibitors are

: stereospecnf‘lc with the exception of a- fluoromethylhtstamme where both enantiomers are weak

histidine decarboxylase inhibitors. As well, the fluormated enzyme substrate analogues tend to
be more potent mhlbxtors than the l’luormated product analogues. The actual inhibiting activity
is due to the 3-fluoroalanyl or a-fluoromethylamino group. This may explain yyhy

B-fluoro- histidine does not inhibit,histidine decarboxylase>" and why

. V4 . .
4-amino-3-fluoro-butanoic acid is a GlABA-T substrate and not an irreversible inhibitor.72

E. Effect of Aliphatic Fluorination of Sympathomimetic Amines

)

-Nomenclature

26-36,60 .

~ Fuller in his work on fluorinated compounds uses the designation B to 1dentlf y

] «@

- tlle‘site of f luo’rination in his compounds. In the case of the phenylethylamine (PEA) o

analogues this is an unambiguous; nomenclature as.only one carbon is B to the amino 'g_roup
(Fig. 15; Unforumately in the case of the amphetaniine analogues this.designation ean be
confusing as there are two carbons B to the amino group (Fig. 1-5).. Thus,.

B.B- dlfluoroamphetamme (R.B- DFAM) could have elther structure I or Il shown in anure

I-6. Fuller s work has set the precedent of designating the benzylnc ,carbon as th&B carbon,

. therefore, in order to avoid.confusion, amphetamine (AM) analogues fluorinated on the

' alternate B carbon (i.e. the terminal methy! carbon) will be ref erred to as a-fluoromethyl :

)
]

analogues of PEA.

' Ahphatic B -Fluorination of Sympathomlmetlc Amines .

The special phys1co chemtcal properties of fluorme have also been apphed to study the

©

influence of ionization on the activity of sympathomimetic amme326. Employing the cc\)ncepts \

» 50, Fuller el al. 26-36

of " 1sogeometnc modxf ication™, decnded to use fluonr{e subsutuuon to alter -
the pKa -of chosen amines thereby altermg the ratio of nonprotonated and protonated molecules

<A



Figure I-6:

¢

B.B-DFAM ™
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Nomenclature of aliphatic-fluorinated sympathomimetic” amines:
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S ‘ ) .
—at physlologlca) pH. Fluormauon of the benzylic carbon was chosen since this is not a major

+

0 melabolic or-pharmacologic site in the AM series. Therefore, it was felt that any observed
alterations in blochemxstry or pharmacology would be due to ‘altered degrees of protonatlon26
Many of the compounds studied by Fuller are the 8.8- dlfluormated analogues which have
pKa s below physnologlcal pH at‘i&-&hefef ore exist mainly as nonprotonated molecules undeg,
biological conditions. The compounds studied were.¥ B.B-difluoroamphetamine, 8.8 _dlfluoro.-
ph'enylethylamine (B.B-DFPEA) and B,ﬁ-difluorojp-chloroamp‘hetamine (B.B-DFpCA)

(Fig. 1-7).

Amphgtamine ys 8.B- leluoroamphetamme ‘. SN .
r Comparative studies between amphetamme (AM) and 5 B-DFAM indicate that
S B B- dlfluormatlon results in an analogue whlch is equ1potem to AM wnth respect to some
: pharmacologlcal properties but which is less potent in eliciting other ef fects.' This is
anothcr example of how fluorination of a blologlcally active compound‘lc;n separate
multiple pharmacological cf{ects. For example, at equimolar doses, AM and B8,8-DFAM
are equipotent al jncreasing serum free fatty acid levels in rats but only AM elicits a
‘ hyperthermic response34. However, at do;es required to produce equivalem brain levels,

the hyperthermic induction by AM and B 8- DFAM is sxrmlar26. This'observatioﬁ'

supports/the view of Matsumotos9

that AM-mduced hyperthermia is not due to the
mobilization of free fatty ac1ds as had been proposed by Gessa et al. 137 . In this case, the -
separation of the multiple effects of AM is due to an al_teration in distribution (i.e.
decreased brain levels) rather than an alteration in the\receptor-ligand interd8tion as A
. observed with the fluorocorticoids and ring-fluerinated NA..
B,{B-‘Diﬂilorinationalso affects the metabolism of AM. In mammals AM is
'metaboljzed ’by two principal, mﬁtually exclusiye pathways :—pard-hydroxylation and
oxldative deamina‘tior'l..G'7 }zats.;netabolize AM almost entirely by 'para-hydroxylation (53

% of dose in 24 h) wnth very little deamination (3 % of dose), while mice both u{a

, ~para-hydroxylate (14 % of dose) and deaminate (42 % of dose). Although the half -lives .

of AM and B.ﬂ-DFAM in rat brain are similar, the two compougds are metabolized via .

4
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Figure I-7: Structures of B-fluorinated sympathomimetic amines.
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-B,8-DFAM is metabolized through oxidative deamination

.o 2
, v
26,28,29,31

“separate routes” T AMs mainly metabolizedby para-hydroxylatlon while

29. This alteration inethe -

preferred metabolic pathway may be due to a decreased electronl density of the aromatic
fi'ng. thereby kmaking it less amennblc to para-hydroxylation or due to decreased electron
density on the amino group (as supported by the decreaée in pKa), po_s_sibly weakenthg the
C-N bond to make’ dcam.lnation easier, Metabolism of 8,8-DFAM via deaminatlon is
supported by the following observatnons ) ‘ '
1. pretreatment with desmethyltmlpramme (an mhtbttqf of para hydroxylation)

_ increases the AM levels in rat brain and mcreases.the amount of AM excreted.

29

unchanged in urine but does’ not af f ecl levels or excretxon of B, B DFAM <

2. prctreatment with phcnobarbttal (an inducer (%f hepatlc mlcrosomal enzymes) does not

3

af l" ect in vivo levels of AM in rat tissues but décreases levels of B..B DFAM31

3. pretreatment with SKF-525 A and DPEA (inhibitors of hepatic microsomal enzymes

“does not affect AM level? il rat brain but does increase levels of 8,8-DFA

' Metaboligm also appears to be responsiblc for the observed differences in brain half -lives

.of AM and B.8-DFAM in mice, the half-life of 8,8-DFAM being approximately

one-third that of AM. As mice partly metabolize AM by déamination, it would appear

"that 8,8-fluorination increases the rate of deamination resulting in faster metabolic

Ld

clearance of 8,8- DFAM compared to AM. 30
Another difference between AM and B.8- DFAM is that AM depletes NA levels in

rat bram md heart while 8,8-DFAM leavgs these levels unchanged from values in control

26

animals. Fullér“" felt the decrease in NA levels may be due to the ‘paraghydroxylated

metabolite. As 8,8-BFAM does riot pdra-hydroxylate, this may account for the observed

difference

Phenethy amlne vs B,B-Difluorophenylethylamine .

, Combarative in vitro studies show that 8,B8-DFPEA is a better substrate for lung

~

_N-methyltransf erase than PEA, but a poorer snbstrate for liver microsomal

deaminase26'3,1“'. At equimolar doses, it appears that 8,8-DFPEA is a poorer MAO
' i +

v

*



‘inhhibitor than the monofluoro analogue. However when inhibition is correlated to the -

r

hY

concentration of protonated species, the inhibition activities of the two analogues arg )

26,60 . g

equivalent. Thus the protonated species appear to be respondible for MAO inhibition. -

As a substrate for MAO. B.A-DI.:PEA is not as good as PEA, so B8,B8-difluorination makes

PEA more ré'sistam to metébolism. This is in contrast to the increase in melabc;iism

observed when AM is B8,B-difluorinated. This may'be due to the fact that AM is

deammated by migrosomal enzymes while PEA is deaminated by mitochondrra} MAO.%'(’O‘ |
” Distribution of PEA is also aliected/by B.B-difluorination in a manner similar to w

- that seen with AM (cf. B.B-DFAM). That is, af ter equimolar doscs..the/goncemration of

36

. B.B-DFPEA found in fat is greater than that of PEA.”" Even so, at equimolar doses

B.8-DFPEA is more ef fective at inducing locomotor activity in mice than is PEA, .This
_ reéult/geems to be oppesite to the findings with /(M and B.B-DFAM. In addition, at
. { &
equimolar doses, PEA brain levels are lower than tho
~N

at first to be opposnte 10 the observations with AM and 8,8-DFAM. However, when mice

Mor 8, B-DFPEA. This oo appears

are pretreated wnth tranylcyprogmc (an MAO inhibitor) the bram levels of PEA i increase

1o a level hlgher than that of B,8-DFPEA. Asa result,’ mice pretreated.wnh

¢ '

'tranylcyipromine before treaiment with /'A have higher locomotor activity levels than
those mice treated with B,B-DFPEA fter Nqilar pretreatment. Thus when the rapid
wmetabolism of PEA is inhibited, the effects of 8,B-difluorination on PEA are similar 10

‘ 36

those observed with AM.”" That is, the higher distribution of the 8,B-difluoro analogues

into fat and away from brain result§ in decreased central stimulant efficacy.
N\ - ~

p-Chloroamphetamine vs B,B;Difluoro-p-chleroamphetamine

B,B-Diﬂuorinat;;n of p-chioroamphetamine (pCA) to produce 8.8-DFpCA ’
results in an anall_ogue with aﬁ decreased f)Ka,_and i;creased lipophilicityt38 ‘Aswith. .. \
B.B-DFAM and B,8-DFPEA, B!B:ﬁFpCA is localized tv’a larger extent into fat thax.lﬁis .
its parent compound. 2635 In addition, the half -life of B,8-DFpCA in rat brain is
one-quarter that of PCA. While para -chlorination blocksyﬂe metaboﬂsm of AM
compaunds by pa[a-hydroxylauOn B B-difluorination appears to shxf t thes{netabollsm |

5 ~ o T~ .



o of /(M compounds toward deamrhatton Thus while pCA is not as raprdly metabohzed as .

AM due to the blockade of the major para hydroxylatron pathway, B 3 DFpCA is more

raprdly metabolrzed than pCA%26 35 St

‘ pCA causi Tapid decreases in the vels of 5- HT and 1ts metabolrte
5- hydroxyrndoleacetrc actd (5 HIAA) and these decreases may last several months 2
‘When rats’ are treated wrth B B DFpCA at doses large enough to produce bram levels N
equrmolar to pCA 1t produces a decrease m 5-HT and 5- HIAA at 6 b that is srmrlar to
‘. 3that obsérved af ter treatment Wlth pCA .However, at 24 h after B B- DFpCA treatment
“ 5- HT and 5-HIAA levels are back to normal while af ter pCA treatment these levels are still.

-,

'=depressed.35 The initial decrease in 5- HT rehes on the active uptake of pCA and

S B. B-DFpCA into th’e-S-HT neurons 2 Fuller26

felt tl}at the contmuous uptake of pCA is -
E responsrble for the prolonged decreases of 5- HT and 5 HIAA ~As B, B DFpCA rs raprdly
'removed f rom the brarn by metabolrsm itis not avarlable Tor thearequrred contmuous ‘
uptake In addition, it has been, found26 that B B- DFpCA has a lower affinity P
(apprommately one tenth) f or thc 5 HT reuptake system than does pCA "’Hence the \
"reductron of 5-HT and’ 5- HIAA by B, B DFpCA 1s not as prolongéd as—that observed wrth

. pCA and the- neurotoxrc eff ect of pCA is lost. 32

ok
. e

‘ Ahphatlc a-Fluomthylatlon of Phenylethylammes »
| One of the less destrable characterrstrcs of Fuller s compounds is that ,B fluormatron f\
e riot only af f ects the pKa of the amlno group but also perturbs the electron densrty of the
B aromatrc ring to some extent “In order to study the eff ects of decreased pKa alone, Coutts et
\ - al 2 synthesrzed a-f luoromethyl B- phenylethylamme (FAM) and a- fluoromethyl B
', 'pachlorophenylethylamrne (FpCA~) (Fig. 1-8).
» o .

- - Fluoromethyl B- phenylethylanune R \

. Fluoromethylatron on thg carbon a to the ammo group of PEA alters the electron
densrty of the.mtrogen wit affecting that of the aromatrc nng a- Fluoromethylatron

alters AM propertres For example whrle (:t) FAM releases DA from rat stnatum it is
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. . KRN ( ‘ ‘ ':} 3 ) :
-Figure 18- Structures , of a-fluoromethylated - phenylethylamines. = -
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: pref erred82 Both optrcal isomers of FAM are also

' equxmolar doses

S-(+ ) -AM induces only.'hyperac,tivity

uptake than is pCA3 as has been found for 8,8- DFpCA

—tf

not as potent as is (i) AM2 11

‘. Another rathe,r surprtsmg dif; ference is the change in
MAO stereoselecttvrty observed w1th FAM. While only S-(+)-AM 1s a substrate for
MAO-B, bot“h enanttomers of PAM act as/SUbstrates th the dextrorotamel' bemg
Qetmve inhibitors of MAO- B
although they are not as potent as thetr respectrve AM enanttomers , . -

I rats S (+) -AM and R-(+ )‘FAM are eq\npotent at mducmg hyperthermia bt(t
initial studres l‘ndlcate R- ( +)- FAM achteves hrgher brain levels than S- (+) AM af ter
16. 19 In mice, the/ effect of R- (+)- FAM on body temperature 1s unlrke
that of S-(+)- AM R (+) FAM elicits a btphasrc temperature Tesponse, an initial

transxent hyperthermxa followed by a prolonged hypothermxa whtle S- -(+)- -AM mduces

, hyperthermra only. A similar bxphasrc effect is observed with locomotor activity in niice

treated with R( + )-"FAM, (i.e. increased activityf ollbw_ed by lnactivity),, while
' 17 o 4
o- Fluoromethyl B p- chlorophenylethylamme

' Fluoromethylating p- chlorophenylethylamme on the carbon ato the amino group

bresults in FpCA a compound Wthh is srmrlar m its btochenucal effects to 8, B DFpCA

ln vitro studles mdrcate FpCA is not as potent as pCA at mducmg 5-HT release from rat

2,11 A

strtatum In in WVO ,studtes af ter’ equrmolar doses the brain-level of FpCA 1n rats is

4 —

lower than‘that of- pCA and I*pCA drsappears from the bram more raprdly than pCA As

well, at equtmolar doses, FpCA is less potent than pCA at decreasmg 5- HT levels but at

: "equlvalent brain levels pCA, and FpCA reduce 5- HT levels to the same extent at 1 S h-after

3.4

treatmen.t However as wrth B B- DFpCA at 24 h af ter treatment with FpCA 5-HT }

A

E levels aré back to normal Thus a- fluoromethylatron mhrbxts the prolonged decrease in

br'gn 5-HT levels In addmon F‘pCA has been found tb be a weaker mhlbltOI' of 5- HT
B



a- Tnfluoromethyl -B- phenylethylamme Q

Pinder er al. Synthésized the trrﬂuoromethyl analogue of: PEA 66

| ~trrfluoromethyl B- phenylethylamme (TFAM) (Frg I- 8) 'to study the effect of

65,66

fluormatron on the pharmacologrcal effects of AM. TFAM is wrthout AM- hke

activity, i.e, it does not reverse resefpine sedatiqn in mige'. has n¢ anorec\ic activity in rats

65

or dogs nor does it deplete catecholammes m rat heart or brain. Wmder - felt that the lack

1

of activity is-due erther to the decreased abrhty of TFAM to Cross thc blood bram bamer 4
orto the severe reductron m thé availabitity of the mtrogen lone parr as 1llustrated by the a

very low pKa of TFAM comparecl to AM (4,97 vs 9. 93 respectrvely)

4

F. Behavioral arid Pharmacologiéal Effects of AM , .

-~

. . N I N
0 . . . b
: e ! . e [ y

The purpose of thrs thesrs is to determine how behavioral (locomotor acuvny) and

pharmacologrc (%dy temperature) eff ects relaté to brain levcls of the optrcal isomers of AM
Ed

and FAM As this thesrs will compare FAM to AM, 1t is necessary to revrew thc behavioral. and

.- pharmacologrcal ef f ects of AM

s

fat

Although it »ossesses a relatrvely sunple chemical structure AM has a wide spectrum of

| pharmacologlc’ hemrcal and behavioral activities.’ Central nervous stimulation is the main

13,39,46 .

pharmacologrcal actnon of AM. This central nervous strmulauon is responsrblc for

¥

: several AN}I’ fects such as anorexra msomma stereotypy, mcreased basal body terg\peraturc

d locomotor actrvrty 46

~ . v . . !

A commonly studied behavioral effect of AM is the induction of locomotor activity.

and jncr

The (,+ ) enantiomer is 4 more potent inducer of locomotor.activity than is thd(\-}en&nﬁomek;
The maximum locomotor- increase induced by S-(+ )-AM in rats occurs. at approximately |

| 10 umol/kg, at doses of 35 to 75 umol/kg the locomotor stimulation is replaced by )

| stereotypyes. 46 A stereotypy is defined asa persrs‘tent repetitron of . movement without
meanmg" %0 In rats and mrce these stcreotypyes mduced by AM mclude smf fing, grooming

(possrbly accompamed by sahvatton) head movements .rearing and gnawmg 46 These .

stereotypyes are dose- -related in that at low doscs ( 10 umﬁl/kg) the mam behavnoral ef’ fect
. (S
2



Y

observed is mcreasedrlpeomotor activity, while at intermediate doses (=35 umol/kg) locomotor.

' actrvrty is replaced by groommg. rearing and sml‘ fing. As the dose is mcreased the number—of

separate stereotypyes observed decreases unul at hrgh doses (*70 umol/kg) only gnawing is’

i

seen which may be expressed as self - mutrlatron In mice, the gnawmg may be accompanied by

y e

backwards locomotron dependmg on the size of ths test envrronment The ( +) enantiomer is

"only slightly" more potent than the (-) enantiomer at mducmg stereotypyes 46

x Most of the effects of AM are thought to ‘be due to its abxhty to increase the release of
newly synthesrzed NA and DA f rom neurons 13,39,46 Thus a-methyltyrosine, a tyrosine'

hydroxylase mhtbrtor which prevents the synthesrs of NA and DA, blocks the central strmulant

- effects ol" AM However AM is capable of reversmg reserprne mduced sedation in mice ;[\

reserpmc causes depletron of stored NA -and DA tht does not aff eé\catecholamme synthesis.

“The central stimulant effects of AM may be blocked by ‘pretreatment with haloperidol (a DA

receptor blocker) and' by selectivelr destroying DA pathways with 6-hydroxydopamirie (a

catecholamme neurotoxm) However interference wrth norgjrenergw pathways by a- or

) - B-adrenoceplor blockers or by treatment with drsulf ufam (a dopamrne -B- lfydroxylase

the release of both NA and DA, only DA release is responsible for the stereotypyes and the
increases in locomotor activity and basal body temperature. 9 46
AM is also an mhrbttor of mitochondrial MAO and blocks catecholamme uptake

While, the latter two effects are not likely to be the main reason for observed AM activities,

*they may potentiate the-egntral strmulant effects,_. ‘ : ' | ’

\

* inhibitor) to prevent NA synthesrs do not mhtbtt these AM ef fects. So although AM induces .



| B ‘ Materials and Methods ‘

A. Chemicals |
Unless otherwise specif ied, all chemicals and organic solv-enls were obtained f rom -
Fisher Sc:}eqtrf ic Ltd.. Toluene and ethyl acetate were purchased from B. D H Chemrcals
while 1sopentane was obtained f rom Aldrich Chemrcal Co.. The derlvmzmg agent,
pentafluorobenzoyl chloride (PFBC) was obtamed f1 rom Aldrich Chemical Co and slored at 0.
"The hydrochloride salts of S P(V) and R( +)- FAM were synthesrzed f rbm the corresponding
isomers of .'phenylalanme accgrdrng toa method__based on that of Coutts et al.._x1 The sulf ale .'
salts of S(ﬁ+»)-‘ and R(-)-AM were obtained. froin_ Health and Welf arc:Carrada. Sodium
phenobaibital whs obtdined f rom Smith- Kline and Frcnch [Organic'solvents were © °
glass- drstrlled prior to use in analyses A Mrlli -Q reagent water system (Mrllrpore) was used o ;-
_»vprovrde aor.ble dlStllled water for analytical use. Gases USed in the ahalyses were obtained '

- from either Liquid Carbonic or Linde (Umon Carbide). ‘ (

L] [
YW

B.‘_.Animals .

3

Male mice of the Balb/cCr strain‘or female mice of the Balb/cCr or ICR strain (body
3 ‘ werght 18-27 g) or male‘Sprague-Dawley rats (body weight 180 - 250 g) were used in all
experiments. Unless otherwrse specif red ammals were allowed free access to T ood (Purma Rat
Cl/low ) and water and were _hcused in plexrglass cage boxes iyith stamless steel bérred lids

, v . ,, ;
(rats) or stainless steel mesh lids (mice). ¢

¢

'

«Injection Solutions , - " - , ¢
All drugs were drssolved in saline (0.9% w/v) and mJected i.p. at a dose volume of 10

‘mlL./kg for mrce and 1 mL/kg for rats. All doses were calculated on the basrs o? free base -

(amines) or free acid (phen%barbrtal).



C Apparatus and Instrumentation
- ‘ ‘ N .

Open I‘ield Activity Box

’ “*

Locomotor acnvxty (open f 1eld actmty) was monitored in a square f 1eld (60 X 60 cm)

~ divided mto a gnd of 9 squares, each squarg measured 20 X,20 cm. At the begmnmg of eath

. ” reading, the animal was/ moved into the central square of the grid and activity was measured as '

the number ol" sqnares entered by all four feet during a.3 min period.
Rectal Thermometer
Rectal temperatures werc read 30 sec after msemon of a small animal probe (Yellow

* Springs Instruments, Model 43TA, 400 series p_robe) to a depth of 2.5 cm for mice and 4 cm f or

Y

.

rats. Room temperature was maintained between 22 and 27" during all experiments.
T

'Bnlances .

3 v {

Analyucal Balance (

o

Compounds for the preparatlon of analytical standard solutlons or drug in Jecuon '
: solutiohs and tissue samples were weighed on a Mettler analytlcal balanc_e (Model H10).

N : . o 2
All tissue samples and compounds were weighed to within 0.1 mg. e

Top Loadmg Balance ) _
All ammals were welghed ona Sartorlus top loadmg balance Ammals were.
-weighed to 0 lg. |
Tlssue Homogenlzer
Homogemumon of brain and fat samples in. ice-cold perchlonc acid (0.4 N) was -
perf ormed usmg an homogemzer f Tom Eberbach Corporauon equlpped thh an A C. motor -
(115 V 0 7 amp, Bodine Electnc Company) a Teflon® -Stainless steel pestle and a glass |

2

- mortar.
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Centl‘lﬁlges . . » ‘ ,, . . R
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Microfuge E . S S e
T ~ Plasma was separated from blood samplcs asing a Fisher Mrcro Centrifuge - -
. Model 235B. . - T | . .
Bench Centrifuge o ” '

~ . . »

; ~ 4 Dynac multiple speed centrifuge (Clay Adams, division of’Becton, Dickinson
and Company) was used to separatasolvem phases ‘during analyses': The centrif uge Had

.varrable speed settings from 0 to 100 and m order to separate solvent phases a setting of

100°was used for 10-15 min. L T \1,\

Refngerated Centrrf uge

' . All bram and fat homogenates were centnf uged in a Damon/IEC Model B- ZOBA
refrigerated centrifuge. Homogenates were centrif uged at 10,000 X g for 10 min at 4°.
Vortex Mixeér
a Samples weré mixed on an IKA-:Vibrax- VXR multiple vortex mixer (Janke and Kunkle
GmbH, IKA-Werk) capable of handling 36 samples. -
- .
. Gas:Liquid, Chromatoéraphy o
Gas-liquid ehroma}ography as performed hsirrg a Perkin-Elmer Sigma 3 Gas - ,
Chromatogra'ph (GC) equ‘ipped with an electron ¢apture detector (E&)) with a 63Ni electron
source. Chromatography was performed using bonded- phase fused silicacolumns (0.32 mm
ID, 8-10 m in Iength } & W Scientific Inc.) w1th a DB 5 statronary phase (equxvalem to -
. SE-§4). Equivalent separanons were obtained on columns with stationary phase thrcknessesof
either 1 um or 0.25 ym provided that the chromatographic conditions were set appropria'tel'y as
descrihed below . |

1. For the 1 um coated column, the GC ‘oven temperature was maintained at 100" for 1 rhin



" and then méreased to 250" at a rate of 6 per min; .
2, For the 0.25 um coated column, the GC oven temperature started at 100" and was
rmmedrately increased to 250° at a ra‘e of 4’ per min.
Otherwise, the GC operatmg conditions were the same for bath eolumns Hclrum carrier gas .
»

‘was dehvered to give a column flow rate of 1-3 mL/mm Argon/methane (9&: 5) make -up gas

was delivered to result in a total ga¥ flow rate of 60mL/min at the ECD,outlet. The injection

[
-»

port temperature was 300" while the ECD was marntarned at 350°,

bt . . L4

Al
»

.Mass Spectrometry

.

Electron imbaet and chemical ior}izatj0ﬂ mass spectremetry were perfornfed. by
personnel 01: the Department of Chemistry (University of Alberta), on a_ VG 70-E double , 5
focusing magnetrc sector mass spectrometer (‘Vacuurn Generatprs). Sample introduction was *
by a GC (Varian Vista 6000) equip'ped with a30 m DB-1 fused:sifica cblumn the injection
port was heated to 250 and the column was initially heated to 100" and immediately mcreased to
- 290° at 10" per min. The mass spectrometer condmons were: ,ron souree temperature 200"

ionization voltage, 70eV; aecelerating voltage, 6000 V. Total ion chromatographs indicated

‘baseline resolution of the PFBC derivatrves of AM, FAM and pCA. .

D. Pharmaeological and Behavioral Methods ,
o .

Effects of FAM and AM: Mice

* Individual male Balb/cCr mice were'plaeed into the open field box. Af ter 1 h, activity .

was‘measured and jmmediately thereafter the alnimal, was.treated i.p. with saline,‘R_-( +)- or

S:-(-)-FAM (6.5.16: 33 or 65 umol/kg) or $-(+)- or R-(-)-AM (16, 33 or 65 umol/kg).
Activity ,was measured agarn at 30 60 90 120, 180 240 and 480 min after treatment

The effect of each enantiomer of FAM or AM on rectal temperature was deterrmned in
male Balb/cCr mice. Rectal temperatures were taken j just prior to treatment with saline or an
enantiomer of FAM or AM (16, é or 65 umol/kg). Rectal temperatures. were taken again 30,

¥



60, 90, 120, 180, 240 and 480 min after injéction. .

The effect of gender on the thermic response to the enantiomers of FAM was also’
exaprfhed. The rectal temperatures of male or f emale mice of the Balb/eCr.strain were
det¢rmined just prior to the injection of saline or R-( +)- or S-(-)- FAM (65 umol/kg) and .
agarn at 30, 60, 90, 120, 180 240 and 480 min after m;ectroé

. The dependence of the locomotor Tesponse upon the dose of R (+) orS-(-)- PAM
was determined by treating male Balb/cCr mice with saline or R-(+)- or §-(-)- FAM (6.5, 16,*
© 330r6s umol/kg) ané\neasurﬁg locomotor activity 180 mm after mJectron -

Th dose*dependence of the temperature Tesponse-was determined srmrlarl)r on other
male Balb/cCr mice except that at 180 min after treatment rectal temperatures were recorded
Effect of Enzyme Induction on .’F'AM-InducedrChanges in Rectal Temperature: Rats

- Rats were pretreated with phenobarbital (i.p., 40 mg/kg) tw'ice 4 day (8 and 17 h) 6r v.
four .déys On the fifth day, instead of receiving phenobarbital at 8 h, the rats had tReiT rectal
. temperatures taken just prior to m;ectron of 25 umol/kg of R-(+)-FAM or S (+)-AM. p
Rectal temperatures were measured 30, 60, 90 120, 150, 180, 210, 240, 270 300, 330 and 360

min after treatment.

¢ ~

E. Tissue Distribution of AM and FAM

‘Brain-Levels of FAM and AM: Mice
Male or f emale mice of the Belb/cCr strein were irrjected i.p. with either of the op'ticai .

isomers o; FAM (65 sumol/kg) and rvere sacrif-i_ced by cervical dislocation at 30, 60, 90, 120, ‘150
_ or 180 min after injection. Brains were rapidly removed, blotted dry and frozen in is'opentane
and dry ice. After freezing, brains were blotted dry, weighed and homogemzed in ten volumes
.- of ice- cold perchlonc acid (0. 4N) and were immediately assayed as descnbed below Other

Hmal_e Balb/cCr mice were mjected with either isomer ot“ AM (65 umol/kg) and ‘processed in an

| identical manner except sa‘crifictestook place 30, 60, 120 or 180 min tifter )injectien.
(

{



Distribution of si(-)anM in Brain, Fat and Plasma
Male mice of the Ball)/cCr strain or female mice of the ICR strain were injected with
65 umol/kg of S-(-)-FAM and sacrificed at 5, 15, 30, 60, 90 or 120 min after injection. ‘Trunk
blood was collected over solid sodium citrate (10.- 20 mg), mixed and imtnediately centrifuged
#(12,000 X g, 1 min) to obtain"a plasma sample. The vglume of the plasma obtaiped was
determmed using a micro-pipet. Brains were collected and treated as for brain tissue above.
Omental fat was collected and homogenized in 10 volumes of i ice- cold perchloric acid (0.4 N)

~and tmmedtately assayed as described below. .

- - -
%
N

Analysis of FAM or AM in Brain Fat and Plasma: Mice

* Tissue levels of FAM or AM were determined according to a method based on that of
Cristofoli et al.15 The rnternal standard, p-chlproamphetamine (pCA), was added (300 ng for
FAM analysis, 2000 ng for AM analysis) to plasma (20-100 uh) or to the perchloric acid |
homogenates of brain or fat (3- IO'mI:) Plasma .was then diluted with an equat volume of'
perchloric acrd Tissue homogenates and dtluted plasma were centrif uged in-a refrigerated
centrifuge (4°, 10,000 X g, 10 mm) and supernatants were removed basified by additon of solrd»
sodium carbonate (pH*®9.5) and extracted wrth chloroform (2X5mLf or tissues, 2 X1 mL for
plasma) by shaking for £ 20 min on a multiple sample vortex mrxer’ Samples were cén\tnfuged to
separate the phases The combined chloroform layers were extracted Wl[B 1.2 N hydrochloric
acid (2 mL). The 4cid phase was collected and basified wulwhd potagrum cazbonat{ Then
PFBC (5 uL) was added along with 3 mL of ethyl acetate The reaction rruxture was shaken
for 20 min and centnf uged to separate the phases The cthyl acetaterphase was removed and
evaporated to dryness under a stream of mtrogen at 30 38", Th *egr*mg residue was drssolved'
in 100 4L of toluene and the solutton was washed with ammomtigfyroxrde (0.7N, 200 xL).

One métohtre portions of the toluene phase were mJected into a GC (sphtless mJectr(m)
. contammg a DB-5 bonded phase srltca capillary column with a 1 pm coatmg .o
Compounds were quanutated by comparison of peak herght ratios (compound of

interest/internal standard) to standard curves constructed by plottmg peak height ratios vs

1
k,
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amount of compound of interest, obtaihed by analysing homogenates of the appiopriate tissue
 spiked with knpwn amounts of drug and internal standaard. Standard curves were linear over

. ,
the range of 0.2-30.0 ng (on column) for both AM and FAM.

&
Brain Levels of R{ +)-FAM and S-(+ )-AM: Rats

" Rats were injected With R-(+)-FAM (10, 250r 75 umol{kg) orS-(+)-AM (25
igmol/kg) and werf sacrificed at 1, 2 or 4 h after injection. Brains were r?moved and treated as
for mouse brain except 20 mL of pérchloric aciﬁ was u’;_*o{ homogenize the tissue.
Analysis of AM or FAM in Rat Brain B

. ' The method used was the same as that used for mousc brain e;&ccpt:
1. 2000 ng of internal sta\ndard (pCA) wereadded
“2.‘ 02X 10/mL of chloroform were used for extrac&_iBn, cor;abincd volumes were cvapo‘i'alcd 10

omL - | | .

3.1 mf of toluéne and 2 mL of 0.7N ammonium hydroxide were used

4. the GE€column used was a DB-5 (10 m) with a 0.25 um coating
F. Urinary Excretjon .

Urine Collection: Mice ‘ c
Immediately after injection of 65 umol/kg of R-( + ;c;r' S-(-)-FAM orS-(+)-or
R-(-)-AM, male mice of the Balb/cCr strain were placed singly into a 500 mL teaker equipped
with a wire ﬁaesh platform. Animals were dpprfved of f ood during the collection but had free |

access to'sugar water (6% sucrose w/v). Urine was collected for 24 .h a cntirg volume

%y

f rom each collection was assayed for AM or FAM.
et ] . ~~* :
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Urine Collection: Rats - | | ,
lmmedtatcly after mjectnon of 65 umol/kg ofR -(+)or S- ( -)-FAM or S- (+)-or

‘R- ( -)-AM, rats were placed singly into polypropylene metabohsm cages. Animals had free

L4

access to food and water during the collect®n. Urine was collected 4.‘ 8 and 24 h after

injection, the entire volume of each collection was assayed for AM or FAM.

Analysis of AM and FAM in Mouse and Rat Urine

\ Iniernal stagidard (pCA) was z;ddtd to each sample (5 ug for FAM analysis, 20 ug for
AM analysisgy. The sample was acidified with 0.4N pert:hloric acid gnd centrifuged in a
refrigerated centrif uge. The supernatant was analysed according to the metht)d for analysis of
FAM and AM in bra'in. fat énd plasma except that the DB-5 column uséd had a 0.25 um
coating. ' |
G. Determination of Partition Coefficients

Equal volumes of octanol and efther pH 7.4 buffer * or 0.1 N NaOH werc shaken in a .

ohe litre étpatatory funnel to saturate the phases and then allotwed to separate. These phases

were used throughout the determination. The solutions used in this éxpetiment were

100 ug/mL free base of R-(+)-FAM or S-(+)-AM in octanol saturated 0.1 N sodium R/I"./

- hydroxide or {n octanol saturated isotohic phosphate buffer (pH 7.4). :
S

In als mkL screw top pyrex culture tube 5 mL of aqueous test solution, and a volume

‘of octanol (2 mL for 0.1N NaOH and SmL for pH 7.4 buffer) Were mixed on a vortex mixer

for 20 min. Th’e tubes were allowed to stand 20 min to separate the phases. .Then an aliquot .
was taken from each phase (1 mL aqueous or 0.2 mL octanol). The octanol aliquot was

extracted withe mL of 1.2 N hydrochloric acid. The acid extract a;td the aqueous aliquot were

basified with solid potassium carbonate then reacted with PFBC and analysed as for AM and -

FAM in rat brain tissue. ' ] !

! isotonic pH 7.4 buffer: 8.1 g, anhydrous sodium phosphate dibasic, 1.8 g sodium
phosphate monobasic monohydrate and 3.9 g sodium chloride all d1ssolved in
distjlled, demmerahzed water “and dlluted .to one litre. s .

¢

4
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H. Statistical Analysis

Data are presentod as mean + S.E.M.. Differences between sets of data weré™

. determined By a two-tailed Studeqt's 1-test. Half lives of FAM or AM were determined by :

linear regression after applncatlon of appropnate curve f eathermg techniques. 38 Dxﬂ' erences

between slopes of plots were determmed by comparison of the linear regressions f ollowed by a

77 A . " . \ R !

two-tailed Student's -test.
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was any stereotyprc behavior observed in mrce treated with S- (- ) FAM. The enantromers were

- srmrlar m therr abrltty to produce prolonged dose- dependent (Frg lIl 2) reductron 5

erght) self mutrlatron v Ll - :l.?»

. wrth hrgher doses of R -(-)- -AM drd ‘show brief: Berrods of det:reaﬁ

. Resuts

‘A. Behavioral ‘and Pharmacological Results

.LocomotorActrvrty in Mlce R SR S Co ‘

Male Balb/cCr mice treated wrth R ( +) FAMshowed a brphasrc change in open freld

y actrvrty (Prg III -1). Although mice treated wrth 6 5 umol/kg of R- (+) FAM were ‘similar to

saline- treatcd mrce at all trme pomts “mice whrch received 16 umol/kg of R- (+) -FAM showed

| srgmf rcanily (p<0 05) reduced locomotor activity comparod to controls at 90 120, 180 and 240

B _mm af ter i.p. rnJectron As the dose was mcreased th.e depression of locomotor activity was '

/geceeded by a delay of onset at 33 xmol/kg and by signif’ icantly (p<0 05) 1ncreased locomotor }

acttvrty (30'min af ter in jectron) at 65 ymol/kg. -Groommg was observed in two of erght mice

and increased snif f mg was noted in all of the animals dunng the penod of locomwotot

,_strmulatron S-(-)-FAM also srgml‘ 1cantly (p<0.05) reduced the locomotor actrvrty at the 16

: 33 or 65 umol/kg lcvels but: drd not mduce mcreased locomotor actrvrty at any dose tested nor E

-

e -~

. lrghtly sedated but were easrly a;oused by a handclap or whrstle

Male Balb/cCr mice treated with 16 or 33 umol/kg of S (+) AM exitrbrted rncreased

locomotor actmty (Frg iI-3). Mrce treated with 65 unrol/kg of S- (+) AM exhibited

’ decreased locomotor actrvrty as well however thrs decrease was assocrated wrth a hrgh level of
stereotvpy that is chev\nng ar;il backwards locomotrorr and int ' mals
Mrce treated wrth 16 umol/kg of R- ( ) -AM were: srmrlar 1 line mice-’ “Mice injectédf

a locomQtor actrVrty (at 30 -

“—»l VS‘

o and 60 mm f or 33 umol/kg and at 6(nnd 90 min for 65 umol/kg) These perrods of decreased
=5

' flocomotor act-rvrty__ were assged wrthstereotyprc behavror consrstmg of smffrng (33 or 65

N . N . . i L« P
BTN R N ‘» R Z - o ,’y(, Y ,,_-’
4 oo S B R 1 e o et
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Figure Ij I-1;

Squqres Entered per 3 minutes

Time hours AP

Effect of R-(+)-FAM (A) and S-(-)-FAM (B) on locomotor

.activity in male Balb/cCr mice (n=38, mean quadrants - entered

+ _‘S".E.M.;féx‘cept"’ where SEM. < symbol size, ® saline' X

6.5 ;imol/kg; = 16 umol/kg. o, 33 umol/kg o 65 Amol/kg‘

* lowest dose whnch produces a sxgmfxcant dxfferepce (p<0. 05) -

) - _" i i )
from salme) BN Q ’ /
o S qo'. '\' "": bal " . *
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w Figure 'I}I-Z: 'Dose-'-dependent reduction in  rectal temperetufe (A) and locomotor
activity (B) in malc Balb/cCr mice after R- (+) FAM (o). and
S-(- ) FAM (w) (n s, ‘mean rectal temperature i SEM

-8 tnean quadrants entered + S.E. M measurements taken 180

Y

| @n after dosing).
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- Squares Entfered (per 3 minutes)
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Figure III-3:.

Effect of S-(+)-AM (A) and R-(-)-AM (B) on locom.owr *
activity in male Balb/cCr mlce (n 8Jmean quadrams’ »
“entered £ S.E.M., except where SE M < symbol snzc o saline;
° 16 umol/kg; © @ 33 .u_mol/kgr. ® 65 u{nol/kg.' * lowest dose
which produces a signific;,anl differenee  (P<<0.05) from salxnc).

“.:'\\ .
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gnawmg and backwards locomotnon

Af ter 23 h,-all mice appeared to be normal and pof different fronf Salme treated mice.

?
Rectal Temperatures in Mice® R . ,_/}

Both enaptiomers of FAM caused a prolonged decrease in the rectal temperatures of
_male Balb/cCr mice. This decrease was dose- dependent (Fig. 11I-2) and followed a trme
course (Fig - 4) similar'to that of the decrease m locomotor activity. R- (+) FAM appeared
' to have a shght delay in the onset of hypothe‘rmra which may have been due to the trend ‘ '

/

toward a transrent mcrease in rectal temperature dlsplayed by some of the mice treated wnh

~ s
hngher doses of this compound However the magmtude of the hypothermra was srmrlar for
both enanuomers wrth the maximum decrease at3 h, ‘

Female n'r'f’ce treated wrth 65 umol/kg of either enantiomer of FAM showed no
s
significant dlf ference from males in magmtude or duration of thermrc response except at 60

min af ter treatment wrth R- (+) -FAM when temperatures of fi emale mice were srgmf 1cantly
(p<0 05) higher than those of male mice (Table IIl-l) “ ) ; '
AL doses of 33 or 65 umol/kg, the S- (+) enantiomer of AM caused a srgmfrcant

(p<0 05) mcreaé‘ in rectal temperature at 30 min (Fxg I11-5). The enantiomers of AM both '
produced srgmf icant (p<0.05) but transrog decreases in rectal temperature’ (Fig. III- 5) :
These decreases were nerther as. great (eg. -2 decrease for S- (+) -AM vs -7.5 decrease for
R-(+)- -FAM) nor as prolonged (1 h for the AM enantromers vs 8 h or ‘fnore f or the FAM

enantiomers) as those produced by the FAM_ enantromers‘ and also-were not clearly

Il

dose-dependent.
. } . - \

‘ Rectal Temperatures.in Rats

Rats treated wrth 25 umol/kg of S- (+) AMor R (+) -FAM exhrbrted similar

‘ -mcreases in rectal temperatures (Frgure 11-6) as was previously reported by Damelson el q
However after treatment wrth phenobarbrtal in order to mduce mrcrosomal enzymes the

;
) .
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Table III-1: Corﬁpafison of rectal xempefatum in male and female Balb/cCr
| micc after treatment  with R-(+)-FAM and S-(-)-FAM

(65 umolA%g, mean rectal temperature + S.EM.).

{4

o 30 6 % . 120 180 | 240 480
Saline | o : |
Female ~ 383 386 389 386 . 387 383 382, 316
(n=6) + 02 01 % 01 % Q' + 02 % 02 ‘& 04 = 09,
Male 380 385 382 30 39 374 366 362
(n=6) £ 04 + 01 % 04 £ 05 + 05 + 06 * 08 * 14
. o _ ‘ ! [ & . : '
 R-(+)-FAM | ' .
' o /' t-f- . . . . .
Female 388 386 3551 331 37 313 313 347

H
o
o
-+

(n=7) + 01 + 04 £ 04 % 03 * 06+ 07 £ 08

. * [ ] .

"Male ' 383 34 344 327 3T . 3L 314 B8

(n=8)  + 02 % 03 % 02 +.03 % 04 + 06 * 07 % 12

S-(-)-FAM | |

T _ . . . . . * .

Female 39.0 37.0 . 33.7 32,1, 314 310 313 3337
C(n=6) . £ 03 %+ 04 + 03 * 02 * 04 % 05 * 04 + 05
) o ‘ : . Y e e . K . »

Male 39.1 '37.4 ‘ 331 315, 31.2 306 . 30.6 33.1
. (n=6) of 03 +°05 4 03 £ 03 + 04 -+ 03 £ 08 % 05
N g ' ‘g' . ) . - A: . . , ) e .

: significant (p<0.05), decrease fromt saline-treated mice of the same ééx_ o7

significant (p<0.05) difference from sirﬁila}lgl treated male mice
(‘i .
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hyperthermic response to R-( +)-FAM was reduced whereas that to S-(+)-AM was not’

" modified (Figure 111-6).

" B. Analysis of AM and FAM

_ Analytical Method

Recoverres of FAM, AM and pCA from brain. trssue were between 78 and-88% (Table"

m- 2) Rattos of FAM or AM to pCA were similar af ter extraction from brain and

derrvrtrzatton and after derrvmzatron alone. Slopes ol' the standard curves (Fig. III-7 8) were

.reproducrble Daily FAM/pCA and AM/pCA ratios were also reproducible. The lrmrts of

&

- detection of FAM and AM were defined as twrce the control concemratton , that is twice the

background f ound m the brams of untreated or saline- treated mice. Traces of control and™~

treated mice are shown in Frgures 11-9, 10 The rdentrtres of the peaks of interest were. .
- ( - : ) L ®
confirmed by GC/MS (Frg. III-11,12,‘13). S

BrainL Levels of 'AM and FAM in Mice Bl;d Rats

The data obtained.f rom male Balb/cCr mice treated with equimolar doses of AM or
FAM indicate th\at the kinetics dif fer between the drugs (Fig. 111-14). -There was nov
significant diff’ erence between the brain levels achieved by S-( +)- and R-(-)-AM at any time,
nor were the slopes of the log brain levels vs time curves, and therefore the half - lives, ‘
srgn{f icantly different. The half- lrves calculated f or S (+)-AM and R-(-)-AM were 42 and
48 min respectrvely (Table III-3). However, there was a significant (p<0.05) difference
between the brain levels of the‘enantiomers of AM and those.of the corresgonding enantiomers
of FAM, and, at all tirnes, brain levels of V FAM were lou/er than’those of AM In addition, |

While the brain levels of AM declined ina log-linear rnanner, the brain levels of each

enantiomer of FAM declined in a biphasic manner consisting of an initial rapid decrease

(between 30 and 90 min) followed by a slower decrease. The half -lives of each elimination

phase of each enantiomer of AM and FAM are given in Table III-3. In male __mice; brain levels
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Figure lil-6: Effegt of R-(+)-FAM (A) and S-(+')-AM (B)‘ (25 umof/kg)-
on the. rectal temperauire of rats ﬁretreatea witﬁ saline (o): or
vpheno‘barbital (e, 100 mg/kg) (n=6, mean rectal temperature *
_‘S.E.‘M.'; * significam' difference (p<0'.05)v from saline-treated .

rats).



Table 11I-2:

FAM

$ Recovery:
Ratios:

Brain Extraction (5 ng)

Derivitization only (5ng)

e
Daily Ratios :
Ing
10 ng

W ng

* Standard Curves:

Slopes:

High Level (2.0-30 ng)
Low Level 0.2-2.0 ng)
Intercepts:

High Level

Low Level

Coef Iicient'of Correlation (r?):

High Level , . ?
Low Level
Limits of Detection:

(ng)

L d

brain tissue (mean t S.E.M.).

AM FAM

pCA

49.

Analytical statistics of the method used to determine AM and '

825122 (n=$) 8791 1.5(n=5)
1.03£ 0.06 (n=5) - 0.571£ 0.01 (n=5)
0.56 £ 0.01 (n=6)"

-

- . 0.1720.02 (n=7)

1.03+0.03 (n=6)

0.57 £ 0.09 (n=4) 1.58 £ 0.06 (n=6)

2204019 (n=4) . ¢ -

0.88 £ 0.08 (n=4) 1.56 + 0.08 (n=9)

— 1.22 4 0.11(n=11)

-0.12 02 (n=4)

4

0.00 £ 0.03 (n=9)
- 0074003 (n=11).

9 .
0.9876 £ 0.0051 (n=4)
- C0.9905 £ 0.0019 (n=11)

.-

0.50 £ 0.09 (n=4) 0.20 ¢ 0.05 (n=11)

0.9889 0032 (n=9)

78622 (n=10)

%

* AM/pCA or- FAM/pCA

v

NB: all weights given are on column amounts
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: ] pCA (12.7 min)
END , (300 ng)

Figure III-9:
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“FAM (9.9 min)
(100 nq)

pCA

)

¢,

Gas chroma_tographi_é traces (using 1 um goated column) & the
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the pentafluorobenzoyl derivauves of blank (A) and AM spnked '
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Table I3 Half-lives (mijn) of R-(+)-FAM and’S-(-)-FAM and $-(+)-AM

S . _ :
and R-(-)-AM in brain tissue of male and female Bafb/cCr
o R : A . .l .
- mice, * ‘ ’ , . ]
vvvvv & s;:. . “t“
/- R 3
&t
’ Male ‘Mice | - Femﬁ-lg{;,'* Mice - ~)' R
' - aj . | % . *
R-(+)-FAM /
1% phase - o / 11 -
B . - . 7 .
Z?d phase ' 55 e 29
- S-(-)-FAM . |
1 phase A 8 | o 10
29 phase . e | R T
S-(+)-AM - 2 -
R;(-)-AM | . - ) @ -
7
/
/
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of each of the FAM enantromers declined in snmlar biphasic manners but at 30 and as mm

’

after treatment levels of R-(+)- FAM were sngmflcantly (p<0 .05) higher- than those of
S-(- )-FAM. Half -lwes of FAM enantiomers, in ‘the second ¢limination phase were similar to
the monoexponential elimination half'-li\"es of the AM enantiomers.

With the exceptaon of minor differences, the aécumulatton and elrmmatlon of FAM

enantromers in brain tlssue of female Balb/cCr mlce were generally srmrlar to those observed in

¢

males

s

. In female Balb/cCr mice, bram levels (Frgure [I1-15) of the FAM,enantromers .
exhlbntéd tendencies to be lower than those previously observed in malé Balb/c(,r mice (Figure
“111-14) treated with the same dose (65 umol/kg) of FAM enantnomers ThlS dif f erence was
greater with S -(-)-FAM and was statrstrcally srgmflcant (p<0. 05) 120, 150 and 180 mm after -

admrmstratnon of S -(-)- FAM but only achleved srgmf icance at 180 min after admtmstratron-

Y

of R-(+)- FAM Elimination of the FAM enanttomers occurred btphasncally from female
,mouse brain and the absolute levels of R - (+) FAM tended to be lower than those of
S ( )- FAM however, this difference was less pronounced than prevrously observed in male

mouse bram and reached srgmf icance (p<0 05) only at 45 mm af ter treatment. Elimination

1

half -lives for the FAM enantromers f rom female mouse bram were. not dlff erent from those
. {
calculated for male mice (Table III 3)

o

~ Brain levels of R- (+) -FAM and S-(+)-AM in rats dechned in.a log-linear manner
similar to tha‘; of S-(+)- AM in mice (th II-16). All slopes of the brain concentratron vs

trme were srmtlar therefore there was no srgmf icant differénce in the half- 11ves of S-(+)- AM

-

and R-(+)-FAM at any of the ‘Joses used. ‘ o

" S()-FAM Levels it Murise Brain, Fat and Plasma S o

Fuller26 28 30 had found that low bram levels of his fluormated analogues of AM were .

due 10 the pref erenttal drstnbuttomnto f at Theref ote, further expenments were conducted in

o - f—
-

twa separate groups of mice in order to deter !

other redxstnbuuon;ntp fat mtght explam "

*Q\' "'43_»‘.,» e ; : <,.(?
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>

experiments, levels of S-(-)-FAM were measured in'bre‘in. plasma and peritoneal f at' of male
Balb/cCr and female ICR mice at several times after its injection (Figure II1-17). although ‘
times to acﬁieve rr‘raximumv.levels differed between‘ the groups, maxtmum levels were attained

‘ ‘ simultaneously in each tissue and during the elimination phase maintained the rank. order.of

, ‘\:‘br'a:in > fat > plasma. Within each group, elimination from brain, fat and plasma followed.

~rallel time courses. As previously observed in male and female Balb/cCr mi.ce levels of

ﬁ S-(-)- FAM were lower in tissues obtained from female (ICR) than male (Balb/cCr) mice,

"Furthermore, levels of S-(- ) FAM in female ICR mouse brain were significantly (p<0.05) -

lower than those previously meesured in female Balb/cCr mice (Figure II1- 155.

¢

\: ; ' ‘ ;v . I <}
‘Urmar; Excretion of AM and FAM by Mice and Rats
Mtce treated with either enantiomer of AM excreted approximately 20% of the

4

_ admimstered dose.unchanged in a 24 h collectron of urrne (Table [I1-4). In contrast, mice
treated with ecjuimoler doses of the FAM enantiomers excreted less than 2% of the dose as
.unchanged drug durihg the same time period. No dif t"erences in‘-the percent dose excreted were
found between enantiomers of FAM, nor were there any su_ch"dif ferences between the ‘
enantromers of AM. |

As oﬁservéd with mice, rats treated with the FAM enantiomers excreted less unchangcd

drug in urine durmg a 24 h period than did rats treated with the enantiomers of AM (Table | ”
III-4) However, this difference was less pronounced than in mice and rats excreted

_srgmf icantly (p<0 05) more of a FAM dose:in urine than d1d mice. After treatment with

' phenobarbrtal urinary excretron of the FAM enantiomers and R-(-)- AM by rats decreased
(p<0 05). while that of S-(+) -AM was not affected. In addmon whereas non-mduced rats
tended to excrete srgmf icantly (p<0. 05) greater amounts of R*(- ) AM than of §-(+)-AM

during the f irst 4 h after treatment thrs difference was lost in phenobarbxtal treated fats.
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Table '111-4; ) Urinary exéretibn of FAM and AM “enantiomers by 'Balb/_cCr

‘Mice |andv‘Sprague-‘Dawley rats (n=6; mean :t S.EM.). .

rats

v

% Dose Excreted
0-4 h 4-8 h }254 h 0-24 h
Mice (dose= 65 wmol/kg) .
d
R-(+)-FAM - _ = - ¢ 11 % 0.3.
$-(-)-FAM - - — 14 + 02"
S-(+)-AM - — - — 233 & 55
. R-(-)-AM - \ - — 22 t 36
Naive Rats l(dose: 25 umol/kg)
R-(+)-FAM 26 + 05 23 % 06 21 £ 05 10 ¢ 137
. . : ‘1.
S-(-)-FAM 39 £-07 17 £ 04 1.2 = 0.1 68 = 0.5
S-(+)-AM 60 % 11 a1 t 08 24 -+ 03 125 % 12
R-(-)-AM 117 % 1.7.'t 3.3%' 0.8 32 £ 14 182 4 32
/
Phenobarbital-Pretreated Rats (dpse= 25 umol/kg)
. * . L. . - 01-@
R-(+)-FAM 1 1.3 ¢ 02 0.5 = 0.1 . 0.5 £ 0.1 23 £ 02 '™
) . . . ' @
S-(-)-FAM 22 = 03 06 £ 0.02 06 = 0.2 34 = 0.2
. v .
S:(+)-AM . 13 £ 1.5_ 23 '+ 02 _‘ 3.Q + 03 126 14
R-(-)-AM 44 + 088 27 % 04 24 + 027 95 + 128
. 4 ," '
significant difference (p<0.05) from AM isomer
'T significant difference (p<0.05) from mice -
. _ -
¥ significant  difference - (p<0.05) from S isomer
significant. .difference (p<0.05) from drug naive



Partition Coefficients h . ;
Both the apparent and lotal partmon coeffi 1cxem ere d
and S- (\+) -AM. These enannomers yere chosen bxau‘se were greatcst and chxrahty
would not be expected to modify. hpopf'nihcuy T\‘Qparcm %juqn coef ficient (APC) was
determined at physiological pH (pH 7.4) and not corrected for nonpfotonated specxes ’
concentrau‘ons. The total partition coefficient (TPC) was determined from 0.1 N NaOH. At
this pH ( 129 both FAM and AM would exist mamly as nonprotonated species and theref ore
‘lhlS partition coefficient would represent the actual lipophilicities of both compounds The
APCpf R-(+)-FAM was significantly (p<0.05) higher than-that of S-(+)-AM (Table
I11-5). However, the TPC of S-(+)-AM was signif’ 1cantly (p<0. OS?hxgher than that of

R-(+)-FAM.

C. Relation of Rectal Temperatures to Brain Levels of AM and FAM

A plot of the difference in rectal temperature (mean rect'al‘ temperature of drug-treated
animals minus the mean rectal temperature of salihe-treated animals) vs the brain levels of ’.°‘ o
R-(+)- or S-(-)-FAM (Fig. iIl-lS)_ in Balb/cCr mice resulted in an a loop called an
hystersis. A similar plot vs the brajn levels of S-(+)- or R-(-)-AM also resulted in an
yhystersis but the divergence from che.hypothetical-straight line was markedly less obviqusmsn'

*

was observed with the FAM énantiomers.
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* Table gn-s: Partition coefficients of R-(+)-FAM and S-(+)-AM (n=3; -

mean .+ S.EM.).

»  APC : TPC?
r — ;
- ' : " *
R-(+)-FAM 69 * 02 ' ' 17 £ 1
. o . A
S-(+)-AM 0.16 * 0.04 ' 64 1 8

. o 7
significant difference from AM

! Apparent Partition Coefficient

L4

octanol: pH 7.4 buffer

amount of drug in octanol
~APC=
~  amount of drug in buffer

2

Tgtal  Partition Coefficient
octanol: 0.1 N NaOH . e

: amount of drug in octanol
TPC=

-

amount of drug’in 0.1 N NaOH

' -
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- retamed longer in fat than in other tissues.. In,mtce

LAY

| '{V Dlscussmn B | SRR -
The results support the- prevnous work of other researchers26 28 30. 31 , Who found substltutlon
. | . ol"l’luorme mto the amphetamme side cham resulted in changes in pKa whlqh were ‘ ,
accompamed byrmodrf 1cattons in the accumulatnon and ehmtnatxon of these compounds m |
blologlcal ttSSues For mstance when rat brams were analysed for parent compounds one h "‘
_ after treatment thh equrmolar doses of AM B FAM or B B‘DFAM the levels ol‘ AM and " |
B FAM were f ound to be s1mrlar whxle those of ﬁ B DFAM were sngmf 1cantly (p<0 05) v
lower 28,29 The dlsmbutlon of B FAM was su'mlar to that of AM (bram > fat > blood) -
whlle B B- DFAM drstnbuted morc pref e?txaly into fat (f aj >/Z bram > blood) ’l‘he ‘,
half - hves in rat bram of AM: arld’/ B Dfﬁl’ Wﬁk ngtudlfferent and the B, B DFAM was Oot
&30 2 B.B- DFAM also loqaltzcd in fat more
s than in bram but the half hfe of B. B DFAM m murme bram was shorter than that of AM
; B B- DFAM appeared to b&ehmmated from brain m alog hncar manner, However brain \‘-
levels were studxed only at 10, 20 30 and 40 mm It is possxble that a second phase mrght have 7
Qo )

' appeare ‘af’ ter 40 mm as’ happened in the case of PAM No work was done with 8- FAM in -

mrce but it would appear that murme metabolrsm is more. sensrtlve to a change in pKa thah is

, rat metabohsm '*may be because the decrease in pKa may be accompamed by a weakemng

b nd ' w‘ mcreasmg the ease of'eammatg ion and ‘thereby mcreasmg metabolxsm

However the mcrease in metabohsm of the B-f luor.o analogue of AM compared to AM ltself

may be due to the hrgherf concentratlon of nonprotonated specxes of B P\AM compared o AM

: ’;at physmloglcal pH due to the. lower pKa of B- FAM As it is the nonprotonated specres whtch
| crosses the 11p1d contammg cell walls it may be that more’ B -FAM i is reachmg the slte ol” |

metabolxsm in’ the hepauc mrcrosomes _ L
/ . PN v : :
A. Locomotor Actmty in Mlce o

S Both S (+) AM and R (+) FAM producdi mcreases f/ locdmotor acnv:ty. however ‘




o and not related to any AM lrke ac trvny

] Do g e

B B drnuoroamphetamme (B ﬁ DFAM) ‘However, it was also found that equrmolar doses of
B. B DFAM not only resulted in lower mrtral murine bram concentrattons than AM, but j»‘
B, B DFAM was cleared more rapidly [ rom the bram As a result the dose response curve had |
‘ "'shif ted to the rlght mdtcatmg that B B- DFAM was not as potent as AM at mducmg 1ncreased‘ '
locomotor actlvrty The maxrmum strmulant ef [f ect was strll possrble buta hlgher dose of

_ 'B p DFAM (160 urnol/kg) than AM (40 umol/kg) was requrred to produce it.” This appears to

" be the case f or FAM as. well Af ter equimolar doses, bram le;(gels of ‘both enantromers of FAM

r
were lower than those of AM. '

.\\ v Both R -(+)-and S-(- ) -FAM produced decreased locomotor activity 1n mice. S -(+)-

an\&R ( )- AM also mduced decreased locomotor activity in mrée but, unlrke the hypoactrvtty
- mduced .by FAM, it was of short duratron and was assocrated, with stereotypic activity. The
' ‘decreased'loconr‘otor activity caused by FAM was pro‘longed and was associated with light

: sedatton but no stercotypy ‘In other words; wrth FAM the locomotor actmty was replaced by :

sedatron b@tﬁvrth AM locomotor actmtv was replaced by stereotyprc actmty as prevrously
4. 7 o

: drscussed by lversen and lve;scn R . P o o

The mcrease*g locomotor a%ﬁvrty produced by R- ( +) -FAM appears o be AM:like

5,11

and may relate to the abrlrt‘y of R -( l-) -FAM to release dopamme in v”ztro The extent and

magmtude of the hypoactrvrty and hypothermia appear to be unrque to the FAM enantromers

.,*: ;
S ]

B. Rectal Temperature in Mlce T p ‘/ - . g 3N
Both enantromers of FAM produced a pronounced and pI longed hypothermra in mice. .

The trend toward a transrent mcrease m rectal temperat e obse&ved in some mice 1mmedrately
\gaf ter t;}gatment wrth R ( +) AM may account f or th 'delay of onset of hypothermra observed
| wrth hrgh eoses og.R A+)- FAM S- (+) AM but not'R.

temperatures and mcreased locomotor actrvrty in mrce as has been prevrously reported 58 87

(+) !Xm at doses of 33@ or 65. umol/kg produCed a srgmfrcant (p<0 05) hyperthermlc
responsemmrce S E S - _ e

e

( )- AM produced elevaited rectal | ‘



- C Rectal Tempgtatyres in Rats

R (+) FAMtat 25 umol/kg produced elevated temperatures in thefat Danlelson el
' aI16 found that at hilgher doses of R-( + ), FAM (50 umol/kg) hyperthermta.was present but
~was f ollowed by a decrease in rectal temperature about 3 or 4h after treatment with

R- (+) -FAM. Although the hypothermna was not as pegpounced as that seen in mice, thlb
' does 1nd1eate that a biphasic temperature response can be’ seen in rats when the doses are htgh
enough.. o | | . o ‘
h " Pretreatment of rats with phenobarbitall prevented hyperthermia m
R-(+)-FAM- treated rats but did not ehmmate the hyperthermta m%gced by S- (+) -AM.,
‘Although- the hyperthermrc/ effect was lost, phenobarbltal pretreatment dnd not cause’
iR (+)-FAM. to mduce hypothermra in rats, although a lower dose mduced hypotherrrna in
~ » ‘mice, and a shghtly htgher dose: QSO pg/kg) induced a delayed hypothermnc response in nanve
rats 16, " S
S _
! l). Brain Levels in Mice - | L R - _ -
In mice; the_ elimination. of FAM f‘romthe brain is quite dlf ferent from »th_at of«AM_.
‘Brain levels of ther'AM enantiomers are -higherand more persistant than those 'of‘ the FAM
enantromers In addltlon ‘the ehmmatgn of FAM consists of two phases as opposed to AM

: whtch has one phase only The ha]f hves of t

second phase of FAM ¢limination in male mice -

_are similat to the half -hves of AM. = W

P
—_

The accumulation and :eliminatio‘n‘ of FA n mxce appear to be i 1somer- sex - abnd -
+ strain- dependent Initial brain levels of R (+) AM were hlgher than those of s,( -)- FAM m»f
both sexes although there was no signif’ Ja"nt dtff erence in half - lives of the FAM enanttomcrs

‘ "between the sexes. The fmal bram levels of R- (+) and S ( ) FAM were higher in males i
“thanmfemales S : . _, e ' : ‘

In addmon,, the bram levels of S-(+ ) FAM in ICR f emale mice were lower at. all

o

' 'comparable ttmes than those of f emale Balb/cCr mrce Thts stram dtl' f erence Agtay be due to " '

' dlfferences in absorptton Or metabohc rates of S- ( =)~ FAM ‘D@tte these dlff erences all mtce




"

collection 8f mouse urine after an’ equrmolar dose. -~ g] SRR ~

o 1denuf 1cauon and concentratron offAM metabohtes« However, Fullera}0 found

. metabollzed by mice than AM 1tse1f

- - . ,
sHowed a biphasic elimination of FAM from brain.

L4

E. Levels of S- ( )-FAM in Brain Fat and Plasma of Mice

The fi irst phase.of ehmmauon of- FAM f rom bram ussue could be due to the

dnsmbuuon of FAM intoa drsnnct pharmacoklnetnc compartment such as f at. However the '

¥

data do not indicate that f at isa depot for FAM Levels\of S-(-)- FAM in fat were lower than
levels i in bram but declmed in parallel to the brain and plasma levels indicating a ‘fast '

equrllbrauon between these txssues Theref ore fat, bram and plasma appear to belong toa

» ¢
e

smgle pharmapokxnetrc comparlrnent. S ' -

sy
R
™
.

L]

F. Urinary Excretion of AM a“nd FAM by M’ice‘ LR SR

_The rapld elimination of FAM f rom mouse brain does not appear 0 be due to

pref crenual drstnbuuon into fat. Howcw the rapxd elimination of FAM from the blood | *

' &
’ muld sxmply ref lect a rapld excreuon from tH¥, body Amphetammes are generally excreted:

4

. Lhrgugh‘ the‘?dneys theref ore n” rapld excreuon is the cause of;the raprd drsappearance of * ‘
‘ PAM&ne would_expect a l 2 percenLage ol' the admrmstered dose tg be f otmd unchanged m\

the urine.. The results do not S}lpport thﬁpossnbxhty as less than M&aﬂ)admrmslered dose

: ‘Was found m a2 h collecuon of urme from mnce treated wrth S-(-)- or R (+ )aEAM Th1s is

' 'approxxmately one-tenth of the amount of R- (-?- or S-(+ )ﬁAM e)«;reted unchanged ina24 h

J FP . ‘., .

e
The remammg possible explanauon for the' raprd ehmmatron of FAM from mouse 8

tlssue is that FAM is subject to raprd metabohsm Results are not avallable on the

ki

- B, B dlﬂuormauon of AM resulted ina compound (B B- DFAM) which was' more raprdly



G. Brain l;evce*l.s of AM~and FAM inRats. .
. In rats af ter treatment witly equimolar doses, the bram levels of R- (+) FAM were -
signif’ 1cantly (p<0 05) lower than those. of S- (*AM atl h but not at 2 or 4 h after a
treatment The semi-log slopes of the brain level vs time curves were not s1gmf lcantly diff erent
between S-(+)- AM and R-(+)- FAM therefore the half lives were srmrlar As well, ‘the

a4
half life of R- (+) -FAM in rat bram was srmxlar at all doses although there appears to be a

trend to a shorter half life at the lowest dose. (} ol/kg). Fuller et a ave showndln rats

tabohsed by deammanon whrle AM is metabolised mamly by

*

 that B.8-DFAM is

.

Rats excretbd significantly (p<0 05) more FAM mtact in unne than did mice, but the }
amount excreted was sttll less than 10% of the administered dose As observed wrth mice, rats. :
’ also xgmed srgmfrcantly (p<0 OS) less FAM thap AM in, urme This may ‘be duetoa htgher -
tub l*sorptlon of FA\\d Although the total amount of FAM excreted in 24.h was i N
SIgmﬁregttly (p<0. 05) lower than the*émount of AM excre&d the only‘lleehon in whtch - L
‘l"f FAM was s1gmf1cantly (p<0 05) less th n AM was the fi 1rst 4h collectton In companson 1t

-was f ound that theﬁam levels of- AM an FAM after equimolar, doses, welre srgmf 1cantly

and'4'h. These dif l!erences may reflect more . \_-

-

,(p<0 05) different only at 1 h and not at

: Japid metabohsm of FAM compared 0 A however thlS is not supported by the data ds the,ﬂ

half lrves of elrmmatron of AM and FAM f t\om rat bram ttssue were sxmxlar The observed

s

d1ss1m11anty between FAM and AM may be due to dlf ferences in. the absorptrSft or drstrrbutton '

"
@

“of the “two compounds o

A

. “The excretron of both FAM enantromers was. sngnlf u:antly (p<0 05) reduced at aIl

L %) R g

“"1' WY
collectton times after phenobantal pretreatment whrch may mdrcate deammatloa is A‘ ]
T A ap ’ ; X o “ L ot DR -9



.stgnrf 1cantly (p<0 05) m the fi irsy 4 h so there was no longer a srgmf 1cant dlfl‘ erer\;:)gL i
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-metabohc pathways of PAM Fuller et dal.’ A, reported that pret'reaung rats wrth phehbbarbrtal -

reduced the half - hl‘ e of B. ﬁm M'in ussues but grd noi” eff ect the half ltf e of AM The |

conclusnonyas ﬁ B -DF AM f ollo‘wed a dtl‘ f erent metaboltc pathway (deammatnon) than AM oot

(para- hyﬂfoxylatjon) The deammatron pathWay was mduclble by phenobarbrtal as supported

‘by an mcrease ma carbon oxrdatton and N oxidation products in vuro after treatm“t with -

phenobarbttal The excretron ol" S ( +) AM%S not af f eeted by pretreatment wr%

R I A .

phenobarbxtal In the frrst 4 h ol‘ urine collecgion natve rat 4 ,': reted srgmfrcantly (p<0: 05)

YL
> 'W
.'H.

amountsk{ Q‘M mantromers excreted This 1 may relate to previous fmdmgs that R- ( )- AM is

a better I‘trate for deammatmg enzymes than S- (+) -AM. 14, 31 Itis possrble that the .
' r’ ‘. . R “'
plignobar t'al tryuced pathway is also’ avarlable to R (-)- AM _

. . ' - . . , ' ‘ . . ) L
% ’ . . . . a ’ ,. . ‘ ,
I. Parfition Coefficients . = | . L o *

o The low ‘lipophilicit“dempnstrated by the low TPC) of FAM may account for the
(" .
fact that fat does not aet as a preferenttal site of uptake for FAM At phystologrcal pH. FAM

would exrst as both the protonated. (76%) and nonprotonated (24%). f orms compared to AM'

-

Wthh would exist mainly in the p@tonated f orm (99%) It is the neutral form whrch would be

absorbed by fat, however the nﬂal FAM molecule is less lipophilic !F le‘:t )thah
i

‘ . the neutral AM molecule It appears that the larger nu’mber of neutral FAM molecules is not A

‘Simflar t6 thfAM distribution observed by Fuller.>

B . R »
. . ) . . : . -
- . . ) : . R N . -
. x .. N - I .
. . X S . LA .
. . ’ | s
L . . . . . . P »
L - . . o,

. 3,
%epough to overcome the decreased_ llpld solubt_ltty, thus FAM drstrtbutton Jn mouse tissue is

,F’ r'tlr
- -gA Co. *

= R

- d. Relatlon Between Bram Level?’bf AM and FAM and Rectal Temperature in Mlce

. Drug- mduced physrologtcal changes can be e‘lther du"éctly or mdrrectly related to drug ﬂ

‘ .concentrauon Ina drrect relatronshtp, a parttcular\ concentrauon ol"drug wrll always, produce

i the- sameuntensrty of ef f%t regardless of whether that coﬁcentratron is attamed during the

Ty R ]
’i;‘w._ - B . .
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' equlvalent concentratrons achi¢ved durmg the absorption .and elimination phases.

"q’absorptron or elimination phase. In eomparrson agents which exhibignditect relationships

between effect and concentratron will not produce equally intense physrologtcal eff ects at

Thewwlﬂes can be graphrcally represented as m Frgure ¥:1,A-E. Frgure

' IV 1A represents ov&rleppmg plots of drug concentration f or two hypothetrcal agents whrch N

exhibit identical trme courseS/I( this plot drug concentratrons attained at time 1 durmg the

absorptron phase aft equal t the concentrattons attamed at trmc 3 during the ehmmauon
«,',2’

' phase. Although the trssue levels ol’ these two agents may exhrbrt the same time course, the

' ,vtrme courses of the physrologrcalef f ectsmay not be mdentrcal. Figures IV-1,B and D o

represent two possible’“t’ime courses or, the physiological effects produced by' th'ese agents ln’a‘-x

drrect relatronshrp, the"itme cours; of physrologtcal response parallels thc drug concentratnont ool
R Y gv . %

Ly

: plotted agamst concentratlon pomts land 3 converge (Frgtire IV 1 C) and all tﬁﬁls licona

‘ -changes do not parallel brain levels of. FAM Indeed when temperature changes were plotted -

strarght lme pas&ng through zero. 1f an mdrrect relatronshrp exists between drug concentratron

f
A and physrologrcal cffect, the time.course of" the physrologrcal effect will not parallel that of the

drug concentratron as mdrcated by comparrson of Frgures IV-1,A and IV-1,D’ -Under t&ea

crrcumstances hough-the drug concentrations are 1dentrcal at times 1 and 3 (Frgure IvV-1 A)

they do not roduce equrvalent physrologrcal Tesponses (Frgure IV-1,D). As a consequcnce
is plotted aganst concentratron polnts 1 and 3 diverge and a loop (hystersrs)
rather tha a strarght lme results (Frgure IV 1 E). . . y

mparrson of Frgures I11-4 and I11-14, Suggest that the FAM- mduced temperature

| agamst brarn concentratrons of FAM an hystersis resulted (Frgure -1 Nurther supporting

"

that an indirect relatronshlp exists between these parameters._ '

Such hysterses (Frgure IvV- 1) can result when:

1. -the parent compound is responsrble for the observed ef f ect but there 1s a delay ip rcachmg _

- tlﬁ‘: active site. 43,44

For example 1t may be that the hypothermrc eff ect is related to the '
f..

> . L3

(3N

L]
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Tt concentration of FAM in a particular area of the brain (eg. the hypothalmus) rather than

to whole brain levels. If so. there could be a delay in attaining effective concentrations in

 this area which could be masked by the whole brain levels. To determine whether this is.
the case it would be necessary to determine FAM levels in bram areas.

2. the parent drug is responsible for the observed efféct but the observed el‘ l‘ ect is due to an

»

indirect mechanism of action. H“ For'example, plasma warfarin levels do not dtrectly

correlate with prothgmbm time. However, warfarm changes the ume to clottmg through

4

. an indirect method, that is it limits the avarlabthty of Vitamin K, thereby limiting

formation of the prothrombm complex. 4 f plasma warfarin levels are comparcd to the

\d

decrease in the actrvrty of the Vitamin K dependent reactron there is'a drrect correlauon

.

In the case of an indirect actron the observed changes may ot b‘e lhe besl mcasure of

.effect. % c T

- & - L MM
3. the parent drug is not responsrble f or the observed eff ect whrch l‘s due 1o an active "5

.- metabohte 43 If thrs is the case, then plbttmg obsenfed effectvs the concentrauon of the
m,
metabolrte would result in a linear relation. T¢ determine whether this situation. applles o
FAM 1t would be necessary to first 1dentrl”y the possrble metabolrtgggs an¢ then attempt t‘o
relate their concentratr%ns ’to the observed changes As the ' ecreasﬁ m locomotor actwrty

and rectal temperature is maximum at low brain levels, the theory ol" an active metabolite

T appealrng. As this decrease is trsom I- speclf ic, it may be the actrve metabollte if it »

eXists. has lost th¢ chiral centre and t. erefore both enantromers of FAM could produce thek

same,: actrve metabolite. :
s There is another possible explanauon why the maximum, tempe,rature decrease occurs

_‘ when bram levels :\re fow. \Perhaps FAM 1s stored in neuronal vesicles (as has been f ound wrth .

47,48

i p- hydroxyamphetamme ) or bound to a_ membrane and released slowly_ over an extended

period of time. The first phase of FAM elimination glj be, the rapid metabolrsm of excess

c_ornpound)_,while the second phase reflects the slow Tele The rabld onset of hypothcrmra (at

'

65 urnollkg‘S-(-)-FAM, rectdl temperature decreases_7.5 m'1.5 h) could be due to the initial

high concentrations of FAM while the comparatively slow re_covery of norma} tectal



. N ‘ _ , ‘ . .
temperature (increase of J.5" in 4 h) could reflect the slow release of FAM either from storage

vcsicles’q;; Tevaptor sites. 9

K. Comparison of FAM Effects in Mice and Rats |

~ When the temperature responses of mice and rats to R-( + )-F&M are compared, there
appears tobea species difference in the effect of R-(+)-FAM on rectal temperature. Mice
-treated withR-(+)-FAM up o 65 umol/kg show only decreased rectal temperatures -whih: rats
.tr‘eated with 25 umol/ké exhibit hyperthermia. ‘his' maybe due to the difference in metabolism
of the two specres As has been prevrously menuoned rats metabohze AM predommately by
' para- hydroxylatron whrle mice metabohze AM by deammauon as well as A

7. 8 76 Thus, hypothermra may be due toa metabohte produced by the

para- hydroxylatron
mouse but not produced by the Tat except at hrgher doses
This could reflect possible differences in the deaminatich mechanism of these two

wo possible routes to deamination of AM: a-carbon gxidation -

species'. There ap

(a% oxrdauon) or N -oxi ation 6,7 a-C Oxfda’tion invdlve’s the hydrox;iation of the carbon «
& B

10 the ammo group with a subsequent loss of the ammo groﬁp to produce a ketone or alcohol
N- Oxrdauon appears to mvolve the drrec'l’ ‘h?droxylatroﬁ' of tl?mm”frogen‘of)he amino group,
producing ox‘mes and may lead to the loss of the amino group. Support for N- oxrdauon asa .

route to deamination is- based on the correlatron between a species ability. to N- oxrdxze

p] - .

chlorphentermme (an AM analogue with a p- chloro substituent to prevent para hydroxylation -

6%

and an added a-methyl group which prevents deax_nmatron) Interestmgly, nerther mrc&nor -

rats produce N -oxidation products from ch]orphentermihe. In rats this is u_nderstandable as
this species metabolizes AM mainly by para-hydroxylation. previ:r, mice are capable of ‘

deaminating AM. Therefore the studies with'chlorphen-termine indicate that mice must

. deaminate via a- -C oxrdatron rather than through N- oxrdauon .

o

’ Ih in vitro studies wrth Tat hepanc microsomes, Fuller3 fougd that B.B- m:AM was
nretabohzed at a greater rate than AM. In addition, the ‘major metabolite (386%) produced
from B.B-DFAM was the_oxime;(an N-oxidation product) compared to AM which produced

S e



o

" L. Summary -

N A

“ ' RV

microsomes from phenobarbital-treated rats were u . both AM and 8,8- -DFAM showed

increased producuon of metabohtes although the proporttons of a-C and N -oxidation produou

alcohol and ketone (a-C oxidation products) in approximately eq'ual amounts. ,Whengtepattc"; N

remained similar to those found wrth naive rat hver mrcrosomes It should be notcd that, in . -

both studles the total amount of metabohtes resulting f ron\;\B ﬁ -DFAM was htgher than that
from AM.

\

Ifa metabolite is responsjble or'the production of hy-mthermia in mice and rats (at ’

high doses) it may be that more of the metabohte is produced by mice. This would explain

why r?rce exhibit FAM-induced hypothermia to a greater extént than rats. If the hypothermla

is due to an a-C oxidation metabohte (which would be achiral), mige would be expecged 10

' produce more of this metabohte than rats as mice appear to favour a-C oxidation while rats

favour N-oxidation. Mice alSQ metabohze FAM more raptdly thun rats and could produce

more achrral metabolite and thercf ore exhibit hypothermna at lower doses than do rats.

.

The present data indicate that substitution of a fluorine atom into the a- mcthyl group

ll of AM results ina compound with striking pharmacologic, behavioral and pharmacokmeue C\

differences from AM. However these data do not drstmgursh whether the umque

pharmacologr d beh oral properues of FAM are due to the parent compound & loa

'metabohcally dertved agent Further studtcs of 'the metabohsx;n of FAM thus seem 10 be

¥
warranted .

1



S . ) N ’ ‘...

r, : ; > A Y
‘ . V. Blbliography oo
‘ . e L T
? ) * o ! "
XN T Falni:
. «ﬁ, .
)' o
! R
» . W

1, Alslon T. A ( 1981) chzde Substrates ' }ial Enzymes, Pharmécol. Ther.,

12 1-41 | A .
2. Baker G. B.; Coutls R. T.; Benderly. im, H. R.; Dewhurst W. G.; (1980)
Fluorinated Amphetamines: E ffects (8 tauve ‘Neurotransmitter Amines in the

Striatum of'the Rat, in Recent Advances in CanadxmNeuropsychqpharmacologY. 2nd
Annual Mecting CCNP, (P. Grof and B. Saxena, eds3\Basel Karger, pp.1-6 .

3. Baker, G. B.:McKim, H. R.; Ceutts, R. T.; Calverley; D. G:; Benderly, A.; Dewhurst,
‘W. G.; (1980) Interactions between a Mona:{luorinaled Analogue of S
p-Chloroamphetamjne and 5- Hydroxytryptamine in Brain, Neuropharmacol.,
19:1255-1256

' y

4, Beck, C. H M.; Chow, H. L.; Baker, G. B.; Coutts, R. T.; (1984) -
p-Ghloroamphetamine and a Side-C hain Fluorinated finalog: E ffects on Brain Amme

Levels and Behavior, Pharmacol. Biochem. Behav., 20:235-220 . / ‘

@

P

%

5. Benderly, A.; Coutts, R. T.;:Mak, A. L'.~C?.Baker.v(}. B.; (1981) E ffects of Optical
Isomers of 2- Amino-3- Flupro- 1- Phenylpropane (-Mono fluoroamphetamine)
Hydrochloride.on Uptake and Release of Dopamine in Rat Striatum In Vitro,
Expenenua 37: 294-295 _

6. Caldwell, J.; (1980,\ The: Metaboltsm of Amphetamines and Related Stimulants in Animals’
and Man, in Amphetamines and Related Stimulants: Chemical, Biological, Clinical
" and Sociological Aspects, (f Caldwell ed.), Boca Raton Florida: CRC Press, Inc
Pp.29- 46 . . .

9".. . N . - -
R . . . f
\ . L . . SN .

-1 \Caldwell J (1976) The Mezaboltsm oj"Amphetammes iy Mammals Drug*Metab Rev
ik 5 219 280 L . L , '
e PR R N e

A .‘". '». . : T J . RO
x g, Camacuzene D Klrk K. L, (3979) Effect of Fluorme Substuuuon on the Agomst & .
Speclf icity of Norepmephrme Smence 204 1217- 1219 ' .-

wix

.\ ’ B ,p’-.\ ~

]



]

00 . B . ' ‘. M ‘, X ‘1 .

‘,‘9 COOPCI 1. R Bloom, F. ‘E.; Roth, R. H.; (1982) The Biochemical Basisof = “#** "
| - gl Neuropharmacology 4th Edition, New York :Oxford University Press, o
’i pp 135 137 206 207" R

10. Cotton, F. A.; Wilkinson, G.; (1972) Advanced Ing{gamc Chcmnstry AComprehenswe
Texy,érd ed. New York: Interscience Publishers, pp.458- 494

-* ‘ ¢

2

11. Coutts, R. T.; Baker, G. B.; Benderly, A.; McKim, H. R.; (1979) Side-Chgin
' Monoﬂuormated Analogs o f Amphetamine and p-Chloroamphetamine. E ffects on T
Release of Dopamine and 5-Hydroxytryptamine from Rat Striatum, Res. (,ommun A
Chem. Path. Pharmacol., 24; 201 204 .- . -
“
12. Coutts, R.T.; Benderly, A.; Mak, A.L.C.; (1980) Synthesis of S:de-Cham Manoﬂuormaled
Amphetamines, J. Fluor. Chem 16: 277-283 .

'13,. Craig, C. R.;Stitzel, R. E.; (1982) Modern Pharmacology. Boston:Little, Brown and
Company, pp.139-140,467-469 -

14. Creaven, P. I.;Barbee, T.; Roach, M. K. (1970) The Interaction of Ethanol and
Amphetamine Metabolism, J. Pharm.. Pharmacol., 22: 828-831

15. Cristofoli, W. A.; Baker, G. B.; Coutts, R. T.; Benderly, A.; (1982) Analysis of a
" Mono fuorinated Analogue of Amphetamine in Brain Tissue Using Gas ’
Chromatography with Electron Capture Detection, Prog. Neuro- Psychopharmacol ’
Biol. Psychiat., 6:373- 376

»

16. Danielson, T. J.; Baker, G. B.; Coutts, R. T.; Micetich, R. G.; (1983) Some In Vivo ~
. Responses to a Side Chain Mono fluorinated Amphetamine in the Ral, Prog
Neuro-Psychopharmacol. & Biol. Psychiat., 7 747 - 750 '
: * ' ' "
*.17. Danielson, T. J.; Coutts, R. T. :'Micetich, R. G.; (1983) Differences Between the In Vivo f
Responses to (+ )- Amphetamme and a }\kznoﬂuormated Analog in B10.A Mlce, J.

Jeurochem 41:8105 e , -
- 18, Dring, L. G.; .Sniith, R.’L; William.;, R. T, (1970)A’Tke Me;_abolic Fate of Amphetamine
_in Man and Other Spe,cies, Biochem. J., 116: 425-435 -

~

19. Dubm R. E.; Baker G B.; Renffenstem R. J\ Coutts R T.; (1983) Amphetamme
; .and a Novel F luormated Dertvatzve Behuvwral and Neurochemzcal Studies, J. }



¢

LG

.‘ ... . . 1?’}‘ ' A . S : 4 : . "‘ ' W . .". f..:" . -
722, Filler, R (]9‘&) Fluorinated Compounds of Medicinal Interest; Chem: chh‘...4: 752-7§7

»23 Filler, R.; Kobayashi, Y. (e&) (1982) Blomedlcal Aépects of Huormc Chcmxslry

[ 2

F)

Nej];ochem., 4a4:873 g
' o ‘ i
_ A . /
20. Elho; K BirchsJ.. (eds) (1972) Carbon Fluérdeompounds..
and Bmlogxcal Activities, A Ciba Foundation Svmposxum ‘A
Scxermf ic Publxshers - ,
"€ . o

.

21, _Filler, R. (Ed ); (1976) Bnochemlstry Involving Carbon Flu e Bonds: ACS Symposlum
Serlcs 28, (R Filler ed.), Washington DCpAmcrxcan Chcmlcal Socncu

~
. i

{

— .
Tokyo Kodansha Ltd. and Amsterdam ﬁlsevner Biomedical = "~ P v
24 Filler, R NagyisS, M. (1981.) Fluorine.in Btomea’tcmal Chemistry: An Overwew of ©
Recent Advahces and Selected Topics i BlOJ’l’lCd](,al Aspects of Fluogine (,hcmxstry

(R. Filler and Y. Kob?yashl eds.), Tokyo: Kodansha Lid., and Amsterdam: Elsevier - |

- Biomedical, pp.1-32 BN

25. d*uma T, Iwasa, J Hanscﬁ‘C (!964) A Nev'Substituent CéTistant, . Derlved from
_ Pjarttnon ‘Coeffi cients,J. Am. ,Chcﬁ Soc., 86:5175-5180 ) )

-

-

26 Fuller, R. 'W,; Molloy B. B.; (1976) The Effecl ofAlzphanc 1~luorme on Aming Drugs in’
. Biochemistry Involvmg Carbon-Fluorine Bonds: ACS Symposlum Scries 28, (R.
\__Efr ed.), Washmgton DC:-Ajnerican Chemxcal Socicty . pp 77 9

.
-

'27. Fuller, R. W.; Molloy, B. B.; (1974) Recent Sludzes w11h4 Chloroamphelamme and Some
Analogues Adv Blochem Psychopharmacol 1() 195-205

i

28,7 Fuller, R Vo Molloy, B. B.: (1971) Tzssue Dzstrtbuuon and Metabolzsm of.
Amphetamine, B-F luaro-Amphetamzne and B,B-Difluoro- Amphemmme in the Rat,

<

Pharmacolognst 13: 294 _ . o : N

2 o . '
29 Fuller, R W.; Molloy, B. B Parll C. J (1973) The E ffect of B.B- Dzﬂuoro Substuuuon
on th% Metabolism and Pl,armacology of Amphetamines, in Ps ychopharmacology 1 /
Sexual Disorders and Drug Abuse (T.A. Ban, J.R. Boissier, G.).Gessa, H.  /
Heimann, L. Hollister; H.E. Lehmann, 1. Murikvad, HSLemberg, F." Sulser, A..
Sundwall and-O. Vinar eds. ) Amsterdam North Holland Publishing Company, ,
Lt pp 615 623

' .



32.

3.
34
35.
-3({.

3.

39,

30:

-

4

Fuller, R. W.; Molloy B B.; .Rousch, B. W‘ Hauser K. M (1972) Dzsposzuon and

\7
- i/
/

82

Behavioral E ffects of Amphetamme and B,B-Di ﬂuoroamphetamme in ‘Mlce Biochem..

Pharmacol 21 1299 1302 o

.
. »

. \ -

7
e

. Fuller, R. W Parh‘C J.; Molloy B. B.: (1973) Metabolism of Ainplietamine and

B, B-Di fluoroamphetamine in Phenobarbztal 7reared Rats, Biochem. Pharmacol., 22:

. 2059-2061 o

Fullc? R. W.; Rousclr, B. W. .,(13/5) Inﬂuence opra on the Methylation of

./.

T

Atylalkyamines by Rabbit Lundf N-Methyltrans ferase, Res. Commun. Chem Path

Pharmacol., 10: 735-738

Fuller, R. W.: Shaw W. N.: Molloy B. B.; (1972) Dzssouatton ofthe Lipid

Vo

@

[

... Metabolizing and H yperzhermzc Effectsof Amphezamme by Betaﬁro Substitution,

Arch Int.

[N

Pharmacdyn 199: 206-271

¢

p .

‘Fullcr R. W.; Pc;ry K. W Molle, B. B,; (1975) Reversible and Irreversible Phases of .
Serotonin Depleuon by 4 Chloroomphetamlne Eur J. Pharmacol 33 119-124

-

Fuller, R W.; Snoddy, H,-D.; MO”O) B B.; (1973) E ffect ofﬁBD:ﬂuoroSubsmuuo’n

on rthe Dzspowton and Pharmacologtcal E ffects of 4- Chloroamphetamme in Rats, J.
Exp. Thor 184: 278-284 -

harmacol.

-

Fuller, R W Snoddy, H. D Mol]o:, B. B Hatuser K. M.; (1973) CNSStzmularzr

Properttes and Phystologlc Dis position of B.B-Di ﬂuorophenylethyldmme inMice,
PsychopharmacoLogla (Bcrl ), 28: 205 212

Gessa, . I+.: Clay, G A Brodne B. B (1969) Evidence that Hyperthermia Produced
wby d- Amphetamme is C aused by a Peripheral Action of the Drug, Life Sci., 8: 135-141

+ /
. i

Marcel Dekker Inc., pp.433- 444

Gllman A. G.; Goodman L. S Gilman, A.; (1980) The Pharmacologlcal Basxs of

- )}

. bealdl M.; Perrier, D.; (]982) Appendth m,,Pharmacokmetms 2nd ed New York:

Therapeutics; Gth\dmon New York: Maclomlan Pubhshmg Co., Inc:, pp. 159 162

Science, 164} 1123- 1130

L

N

40 Goldman P.; (1969) The CUrbon F luorme Bond in Compounds of ﬁtologtcal Interest;

P

N



» - ¢

41. dansch, GiFukunaga 3.5 (1977) Deszgmng Blologlcally Actlve Malertals Chemlech 4
. 4120-1 .

-
v
~

1 ‘v /‘

o4 Hansch C. Leo,A.; (1979) Subsumcnl Constamn for (,orrclalnonAnalysls m Chcmmrv
.f’ . and onlogy New York John leey&Sons pp.13- 17 ™1-330 R

43, Holford N. H G.; Shemer L. B (1982) Kmetzc.s of a Pharmacologlca/, Response
' . Pharmacol Ther., 16: 343 166 -«

- .

44. Holford, N. H. G.; Sheiner, L. "B . (1981)- Understanding the Dose-Effed Relationship:
Clgmcal Application of Pharmacokmetzc-Pharmacodynamtc Models Clin.
Pharmacokm 6:429-453 ' -

5
joo

-

45. Hugheey, J. E.; (1972) Z.ppen'dix F: Bond Energies and Bond Lengths, in Inorganic*
Chenyjstry: Principles of Structure and Reacuvuy Ncw York: Harpcr & Row,
Publxshers pp-691- 702

< . .”

Y : -
. ) . , . . .

\
- 406. lvcrsen S. D.;Iversen, L. 1.; (]981)Behav1oral Pharmacotogy New York Oxlord
University Press, pp.149-170 : : :

. ~
! ¢

~

A

47, lorl A Caccxa S (1974) Dlstnbuzwn of Amphelamme and It H ydroxylared Merabolites
in Various Areas of the Rat Brain,}. Pharm. Pharmacol., 26: 746-748 ’ N

48. Jori, A Caccna S.; GUlSO A Ballabxo M.; Garattini, S.; (1979) Selective Storagé of ¢
pH ydroxy—d - Amphetamine in the Dopammergtc Nerve Terminal3, Biochem. \
Pharmacol., 28: 1205-1207 :

.49 Jung, M. 1. M; Palfreyman M G.; Wagner J.; Bey, P.; Ribercau- Gayon G.; Zrdika,
' M.; Koch- Wﬁser A (1979) ]nhzbmon of Monoamine Synthesis by Irreversible
.. Blockade of Aromattc ’b Acid Decarboxylase wuh a-Mono ﬂuoromelhyl Dopa Life.
“Sci.,.24: 1037 1042 . .

~

4

50. erk K. L Camac.uzene D.; Creveling, C. R (1982) Syntheszs and Bzologlcal .
Properues of Ring- -Fluorinated Bzogenzc Amines, in Biomedical Aspects of Fluorine
"Chemistry. (R. Filler and Y. ‘Kobayashi eds.), Tokyo: Kodanshaltd and 5
Amstcrdam Elsev1er Blomedlcal. . pp-75- 9]

. . :
P P R « i

o 51 Kirk, K. L Camacuzene D.; ermtkltpaxsan Y McCulloh D Padgeu W L.; Dalv
J W Crevelmg C R.; (1979) Syntheszs and Bzologzcal Properttes of 2-, 5-and

)

\ d
B P



52.

¢

53

54

14

55.

56.

- 58.

359.

. 60.

61.

b
y 7 84
:6-Fzzi;;rongr’epmephrmes,d:gMed7 (:ng;n.,zzz g493-1497 1 .
s - *

Kll’k K. L. Crevelmg C. R.; (1984) The Chemzszry and Bto_logy of ng-Fluormated
Btogemc Amme; Med. Res. Rev 4: 186-220 -, ~ .

’
‘
-

Kobayashr Y., Taguch1 “T. (1982) Fluormated Vitamin D3 Ana[ogs Syntheses and '
Biological Acttwtles in Biomedical Aspects of Fluorine Chemistry. (R. Filler and Y.
Kobayashi eds.), Tokyo: l\odansha LLd and ‘Amsterdam: Elsevier onmedlcal
pp.33-53 o

J

Kollonitsch, J.; (1982) Suicide Substrate Enzyme Inacuvators of Enzymes Dependent on
Pyridoxal- Phosphate: 8- F luoro Amino Acids and B-Fluoro Amines. - Design, Synthesis
and Application: A Contnbulton to Drug Design, in Biomedijcal Aspects of Fluorine
Chemistry. (R. Flllcr and Y. Kobayashi eds.), Tokyo: Kodansha Ltd., and
Amsterdam: Elscvner Blomedlcal , Pp.93-122 .

»

.

KOIIW (1978) Novel Methods for Selective F luorination.of Organic Compounds
peszgn and Synthesis of Fluorinated Ant{melabolttes Isr. J. Chem., 17: 53-59

-

oo : ‘ :
Knllomlschf J.: Borash L.; Kahan, F M.; Kropp H.; (1973) New Antzbaczerzal Agent via vig “
. Photoﬂuormauomﬂa Bacterlal Cell Wall Consluuem Nature 243 346-347 -

4

. Kollonitsch, 7.; Patchett, A. A.; Marburg, S.; Maycock, A. L.; Perkins, L. M.;

Doldouras, G. A.; Duggan, D. E.; Aster, S. D.; (1978) Selective Inhibitors of the

Biosynthesis of Aminergic Neurotransmitters, Nature, 274: 906-908

%

Mantegazza, P.; Muller,’E. E.; Naimzada, M.K.; Riva, M.; (1970) Studies on the Lack of

. Correlation Between H ype_rlher{m'ia',AH ypéractivity and Anorexig Induced by
Amphetamine, in, International Symposium on Amphetamines and Related -
Compounds, (E..Costa and S. Garrattini, eds.) New York:Raven Press, pp.559-575

&

Matsumoto, C.; Griffin, W.; (1971) Anlagonisr;z of (+ )-Amphetamine-lndftced

Hyperthermia in Rats by Pimozide, J. Pharm. Pharmacol., 23: 710

> -

Meyerson, L. R.; Fuller, R. W.; (1978) E ffect' of B-Fluorophenethylamine Analogs on
- Monoamine Oxidase Substrate P’r:zference, Res. Commun. Chem. Path. Pharmacol.,
- 721:581-584 :

’

Nimit. Y. Céniacuiene, D.; Kirk, K. L.; Creveling, C. R.; Daly, J. W.; (1980) The



’ » ¢ ' \'—/
" Binding of Fluorocatecholamines to Adrenergic and Dopaminergic Receptors in Rat
Brain Membranes, Life Sci., 27: 1577-1885 ‘

‘o ' . .
N, . N “

62. Parker,R. E; (1963) Mechanisms of Fluorine Displacement, Adv. Fluorine Chem., 3:
63-91 . ' . "’
‘ »

63. Pavlath A E Amos, A. J (1962) Aromatic Fluqrmc Compounds Ncw Yorl\ Rcmhold
Publishing Corporatlon pp.34-41

-

64. Peters, R’;;,(19Tl2) ]n'troduction, in Carbon - Fluorine Compoupc_isﬁ(lhcmislry, Biochemistry
* and B‘idlqgical Activities, A Ciba Foundation Symposiuth. (K. Elliot and J. Birch
ec}s.), Amsterdam: Associated Scientifiic Publishers, pp.1-7

65. Pinder.R. M.; Brimblecombe, R. W.: Green, D. M.; (1969)
2-Amino-3-phenyl-1,1,1-tri fiugropropanes. Pluorine Analogs of Amphetamines, ).
Med. Chem., 12: 322-324, ' i ’ ’

@

66. Pindcr, R. M.; Burger, A.; (1967) Trifluoromethyl Analegs of Amphetamme and
’ Norephedrine, .. Pharm. Sci., 56: 970- 973 ' \\

J

'67. Riess, J. G.; Follana, R.; (1984) Les Fluorocarures comme: Substituts de I' Hemoglobine

pour le Transport des Gaz Respiratoires, Rev. Fr. Transfus. lmmunohcmalol 27:
191-230 ., 3

-

68. Saunders, B. C.; (1972) Chemical th'aracteristics of the Carbon-F luorine Eond, in,in . -
* Carbon-Fluorine Compounds: Chemistry Bioéhemistiy and Biological Activities, A
Ciba Foundation Symposium. (K. .Elj ot and J. Bircheds.), Amsterdam Assomalcd
Scientific Publishers, , pp.9-27 q C

'69. Schlosser, M.; (1978) Introduction o f Fluorine into Organic Mélectiles: Wh)') and“How,

Tetrahedron, 34: 3- 17 : ‘ o
5 S : . : .
70. Sheppard, W A.; Sharts, C. M.; (1969) Orgamc Fluorme Chemistry, New York W. A.
Benjamm Inc., pp44 49 '

-

- 71. Silverman, R. B.; Levy M. A.; (1981) Mechanism of Inactivation of - Ammobulyrzc

. Acid-a-Ketoglutaric Acid Aminotrans ferase by 4- Amino-5- halopentanotc Aczds
. Biochem., 20: 1197- 1203 '

o



Ve
A} - .

. .
s . o

- : 86
0 v e
' - ;
’ N .

72. Silverman, R. B.; Lev& M. A, 1.981)‘Subslizuted’4 Ami'nobutanoic. Acids: Substrate fa(
y-Aminobutyric Acid a- thoglulartc Acid Ammolransferase J. Biol. Chem., 256
11565 11568 o : P A ;

.

73 Silverman, R. B.; Levy, M, A.; Muztar, A. J.; Hirsch, J. D.; (198(i)ln VIVO Inactli'auon
of y-Aminobutyric Acid-a- Ketoglutarate Transaminase’by 4- Amino-5-F luoropentanotc .
Acid; onchem. Biophys. Res. Commun., 102: 520-523

74, Silverman, R. B.;Muztar, A. J.;Levy, M. A, Hirsch, J. D.; (1983) In Vitro and In
' Vivo Effects on Brain GABA Metabolism of (S )+4-Amino-5- Fluoropentanoic Acid, a.
Mechanism Based Inactivator of y- Ammobut yric Acta’ Transaminase, Llf e Sci., 32:
2117-272Y . '

o 4 Jf,’& _ * ) é

75. Smllh Fu A (1973) Blologzcal Propertles of Compounds Conlammg the C- F Bond; Chem

chh‘\3 422-429 ' Do . ol

. . -~

/

T

76. Smﬁh R. L.; Dring, L. G.; (}970) Palterns' of Meiabolt"sm of B-Phenylisopropylamines
. in Man ang Other Species, in, lqtemauonal Sympos‘num ‘on Amphetamines and Related
< Compounds, (E. Costa and S Garallini, eds. ) New York: Raven Press, pp.

121 139 :

T Steel, R. G. D.; Torrle J, H.; (1980) Principles and Procedures of Statistics: A -
. Biofctrical /’(pproach 2nd cd, Toronto:McGraw-Hill Inc., pp.239- 271 i

{ . Vi ¢ -
» . - 4 . M

- 78. Swarts, F.; (1896) Sur /' Acide Ij’luo_roacezique; Bu.ll. Soc. Chjm. ‘Bel'g., 15: 1134 \ \

79. Testa, B.; Jenner, P.; (1976) Influence of Physicochemical Proper?ies in, Drug
Metabolism: Chemical and Blochemlcal Aspects New York ‘Marcel Dekker Inc.,
pp 265- 270 ' :

. 80. Thomas, C. L.; (1981) Taber' §® Cyclopedxc Medical Dxcuonary, 14th Edition,
: Phxladclphia F. A. Davis Company p1364

.

8l. Tremper K. K. (ed) Perﬂuorochenuca/ Oxygen Transport Int. Anesthesxol Clm 23:
pp.1-237 '
@ - o
5 Vree, T. B,; Henderso\n P. Th.; (1980)"Pharm\:bo7cinetics of Amphetamines: In Vivo and
InVitro Studies of F actors Govemmg their Elimiration, in Amphetamines and Related

_ Sumulams Chemxcal Biological, Clinical and Soelologlcal Aspects (J. Caldwell,



83 Vree, T. B.; Rossum 1.

84,

8s.

86.

- 87.

-

-~

-

,
-\
s

ed.), }iocé Rato.n.b Florida: CRC P&‘s, Inc., pp. 47-68

S

M van; (1970) Kinetics of Métabolismt and b xcreuon of .
‘Amphetamines in’ Man, in Amphctammes and Related Stimulants: Chemxcal

87

BlOlOglC&l Clinical and Soc:ologxcal Aspeus (J. Caldwell, ed.), Boca Raton Hond'n
CRC Press, Inc., 165-190 :

Cleveland: CRC Press, pp.- D117-D12]

,’r

Wetstein, A.; (1972) Cheh:islry of Fluorosteroids and Their Hormonal Properties, in

‘Weast. R. C. (cd:)\; (1972) CRC Handbook of Chcmis}ry and Physics; 53rd Edition,

Carbon-Fluorine Compounds: Chemistry, Biochemistry and Biological Activities, A :
Ciba Foundation Symposium. (K. Elliot and J. Birch eds.), Amsterdam: Associated
Scientific Publishers, pp.281-298 : :

’

Weyler, W.; Salach, J. I.;Goutls, R. T,; Baker, G. B.; (1'984) Non-Slerebs;}eciﬁc
.Reduction o f Monoamine Oxidase from Bovine Liver by Analogs of Amphetamine, in
Flavins and Flavoproteins, (R. C. By, P. C‘.)ingcl and S. G. Mayhew.‘cds.).

Berlin: Walter de Gruyter & Co., pp.595-598

R

N~

Zablk J. E.; Levine, R. M.; Maichel, R. P.;"(1978) Drug Interactlons wnh Brain

Biogenic Amines and the_E ffects o f Amphetamine Isomers on Locomotor Activit v,

" Pharmacol. Biochem. Behav., 8: 429-435



